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MATERIALS AND STRUCTURES TESTING 


Automated electro-hydraulic system 


HYDR. 
POWER 
SUPPLY 


SERVO CONTROLLER ACTUATOR 


CONTROL 
SIGNAL 


SERVAC for closed loop 
control servo valves dynamic load 
tests. Besides integrating the feed- 
back, and bias control signals, provides 
means for set-up calibration, tare adjust- 
ment and load cell excitation. 


HYDRAULIC SERVO ACTUATORS, 
combining hydraulic cylinder and ram, fil- 
ter, accumulator, and servo control valve, 
are offered load ranges 200,000 
with strokes 30”. Ram velocities 100 
inches/sec are available. 


LOAD FEEDBACK 


TEST SPECIMEN 


Examples: 
Tensile Test Coupon 
Aircraft Structures 
Landing Gear 
Missile Nose Cone 


Any structure that subjected 
dynamic strength fatigue tests from 
the simplest tensile test specimen 
entire airframe structures. (Programs 
may vary from simple time load tests 
complete load-temperature fatigue 
programs. 


DATA-TRAK function generator fol- 
lows pencil-drawn program curves 
produce proportional potentiometer sig- 
nals. Two-, and three-channel models 
have synchronized chart drums for si- 
multaneously programming both temper- 
ature and load parameters. Various 
models offered. 


COUPLE 


TEMP. FEEDBACK STRESS 


TEMP. PROGRAM SIGNAL 


HEATER 


POWER 


THERMAC precisely controls specimen 
temperature proportioning power 
heating equipment. Features include auto- 
matic thermocouple compensation, 
tional band and rate limit adjustments. 
Single phase model shown has 40-amp 
capacity. Other models 450-amps. 


CLAMSHELL OVEN 
for resistance heating radiant heating 


R-I equipment for heating test specimens 
takes many forms. Ovens and furnaces are 
often custom-built for particular uses. 


systems for material and structures tests. Inquiries are INCORPORATED 


invited regarding either components systems. P.O. BOX 6164X 24, MINN. 
For details, circle No. Reader Information Card 


Research, Incorporated has developed these test system 
components through long experience building complete EAR 
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PROFESSIONALISM AND EXPERIMENTAL MECHANICS 


generally conceded that professionalism among its practitioners 
vital the long-range stature any branch engineering. Certainly 
this includes the field experimental mechanics. While professionalism 
entails both privileges and responsibilities, shall restrict our remarks 
here the latter. 


Probably uppermost among the obligations the professional individual 
continued study and education throughout his career. Whether such 
education formal informal comparatively incidental. worthy 
the name, however, must represent continuous, positive effort ex- 
pand one’s knowledge the analytical and experimental the 
inseparable aspect continued education the reading 
current literature keep abreast new developments. 


Professionalism also embodies the responsibility for contributing 
some manner the permanent edifice knowledge which will inherited 
future engineers. Varying with the talents and proclivities the indi- 
vidual, this may take any numerous forms, such the publication 
original research results, the integration interpretation existing knowl- 
edge, contributions the teaching historical literature, and many others. 
Common all these activities the necessity for writing, with subsequent 
publication. cognizance this responsibility, incidentally, under- 
lies the widely used (and, admittedly, often misused) critique publica- 
tion measure professional excellence. 


Another our professional obligations encourage, help, and train 
young engineers who demonstrate the interest and aptitude for potential 
self-fulfillment our field. And related this the need for personal 
professional conduct, characterized ethics and integrity, which will 
serve proper example those who may emulate us. 


final responsibility utmost significance active participation the 
appropriate technical and professional societies, because such societies 
provide the channels through which the above obligations can dis- 
charged. This is, course, but one the benefits society membership. 


obvious that professionalism means eight-to-five occupa- 
tion. Professionalism requires devotion, energy, enthusiasm, and, above 
all, long hours. There are short cuts professional maturity; and most 
will never fully achieve it— but can try. This, believe, what 
differentiates the engineer who, after decade the field, has gained ten 
years’ experience from the one who has had little more than one year’s ex- 
perience ten times. 


Perry 
MEMBER 
JOURNAL ADVISORY COMMITTEE 
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tracking station 


the industry focus 


The Franklin Institute Laboratories for Research and Development has 
announced the creation Aerospace Laboratory. 
Part the organization’s mechanical and nuclear engineering division, the 


Franklin Institute laboratory will responsible engineering projects dealing with air and space 
vehicles, and with simulators and other special research equipment needed 
reates the nation’s space program. 


Klaus Cappel, manager the Aerospace Laboratory, will head staff 
mechanical engineers and designers which will augmented needed from 
the staff 300 physicists, chemists, mathematicians and electronics specialists 
working other Institute laboratories. 


Aerospace Lab 


Instruments, Inc., announced expansion their manufacturing 


B&F area almost twice the former size. The move was accordance with 
expansion plan and added sales efforts. sizable increase bookings was 
reported for the first six months 1961. 


The third annual symposium high-speed testing sponsored Plas- 

Symposium Tech Equipment Corp. Natick, Mass., scheduled for October the 

Hotel Somerset Boston. Papers will highlight materials research develop- 

igh-speed Testing ments plastics, rubber-plastic interpolymers, rocket propellants, viscoelastic 
theory, temperature-humidity and rate-dependency, fibers and metals. 


The Mars 
research station under study 
scientists General Dynamics/ 
Astronautics San Diego, 
depicted orbit 200 miles above 
the earth. bank instruments 
situated room top, opening 
into middle living compartment, 


Researchers which provides area for dining 
and recreation. The third com- 
Space partment bottom detach- 


able capsule, where crewmen would 
positioned during launch and 
re-entry operation. 
parent cylinder top air 
lock, permitting crewman dressed pressurized space suit leave and 
re-enter the vehicle. The station orbit linked cable its spent Centaur 
rocket vehicle. These two bodies rotate about each other, creating cen- 
trifugal force that provides artificial gravity. 
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os. 


new plant facility located 
Boulder, Colo., has been occupied 
Automation Industries’ Mag- 


netics Division. The facility was 
Automation designed specifically for the de- 

Occu pies technically sophisticated foil and 
New Plant magnetics components for air- 


craft, missile, space capsule, and 
advanced laboratory applications. Quality control and manufacturing areas 
are temperature and humidity controlled and assembly areas are pressurized 
well air conditioned. 


Boards directors John Wiley Sons and Interscience Publishers have 
Publishing Firms decided, subject approval their stockholders, merge the two publishing 
Merge houses under the name John Wiley Sons, Inc. Both firms are the 

fields physical, natural and social sciences and the field engineering. 


Allied Research Associates, Inc., announced that group has purchased the 

Allied Research Boston scientific concern. All corporate affiliations with its former parent 

Purchased organization, The Boeing Co., have been dissolved. Operations will continue 
under the present management, personnel and name, the same location. 


Micro Systems, Inc., has announced the appointment Polymetric 
Devices Co., Inc., Glenside, Pa., its east coast distributor the entire 
Micro System Micro-Sensor semiconductor strain-gage line. 
Adds Outlet MSI stated that will continue use sales representatives areas 
throughout the East. However, its affiliation with Polymetric Devices will 
facilitate distribution Eastern areas. 


SESA 
1-3. First International Congress Experimental Mechanics. Hotel 
New Yorker, New York, 
May 1962. Spring Meeting. Sheraton-Dallas Hotel, Dallas, Texas. 
OcTOBER 24-26, 1962. Annual Meeting. Schroeder, Milwaukee, Wis. 
Related Conference: 
29-31. International Symposium Photoelasticity. Institute 
Technology, Chicago, 


ASA 
FUTURE Meeting the Acoustical Society America. Cincinnati and 
Dayton, Ohio 
MEETINGS 


23-24. Institute the Aerospace Sciences. Joint meeting with Cana- 
dian Aeronautical Institute. Quebec, Que., Can. 


NRL 
10-12. The 30th Symposium Shock, Vibration and Associated En- 
vironments. Detroit, Mich. Classified. Address: Code 4021 Naval Re- 
search Laboratory, Washington, 25, 


SAE 
OcTOBER 9-13. National Aeronautic Meeting. Ambassador Hotel, Los Angeles, 
Calif. 
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personnel 
the news 


MEIER JOINS IBM 


Meier has joined Interna- 
tional Business Machines Corp. 
their Development Laboratory, Gen- 
eral Products Division, Endicott, 
senior engineer, Dr. Meier will 
working the general field experi- 
mental mechanics with emphasis 
experimental stress analysis and will 
concerned primarily with high-speed 
machinery. 

Formerly engineer specialist 
acoustics, vibration and stress analysis 
the G.E. Laboratory Schenectady, 
Dr. Meier well known the author 
numerous papers this field. 

active member the SESA, 
Hudson-Mohawk Section, has also 
made significant contributions the 
national level. His most recent ac- 
complishment was the rewriting the 
By-laws the Society under the direc- 
tion the Executive Committee. 
their present form, the arrangement 
the By-laws are largely the result his 
personal, untiring efforts. 


WARD, HEIMANN, THOMAS 
RECEIVE PROMOTIONS 


Kearfott Division, General Pre- 
cision, Inc., has announced the elec- 
tion Robert Ward and Joseph 
Heimann, the position group 


Meier 
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vice-president and Thomas Thomas 
the position vice-president. 

Mr. Ward, who was division vice- 
president Precision Components, 
takes the post group vice-president 
for Precision Components operations. 

Mr. Heimann, who was divisional 
vice president Avionics, becomes 
responsible 
for the Avionics Group. 

Mr. Thomas, who has been general 
manager, Computer 
was elevated vice-president, 
charge Computer and Controls and 
Power Equipment. 


BOONE ELECTED DIRECTOR 


Airpax Electronics, Inc., has an- 
nounced the election John Boone 
the company’s board directors. 

Mr. Boone brings his post, 
member the Airpax board, over 
twenty-five years experience 
industrial finance and administration. 
joined Radiation Inc. 1954 
treasurer, and 1959 was named 
financial vice-president and treasurer. 
Mr. Boone also member the 
Radiation board directors. 

Prior World War II, Mr. Boone 
served chief accountant and staff 
accountant for McKesson Robbins 
and Hall Fisher, respectively. Dur- 
ing World War served the 
Navy Lt. Commander and 
Officer (Radar Operations) 
aboard the Battleship Colorado and 
the Heavy Cruiser Pittsburgh. 
received his B.S. and B.A. degrees from 
the University Florida. 


POLLACK MADE MANAGER 


Polarad Electronics Corp. recently 
announced the appointment Herbert 
Pollack engineering manager. 

Joining Polarad 1955 head 
the Computer Group, Mr. Pollack 
moved his new position from the 
post head the general engineering 
section the Defense Products Di- 
vision. that capacity, his responsi- 
bilities encompassed 
vision circuit design, computer tech- 
niques, video and 


development and lumped 
circuitry design. 

engineering manager, Mr. 
lack will have cognizance over military 
and commercial development projects, 
His department will also include basic 
research microwave components and 
techniques. 

Previously, was senior engineer 
for CBS, research associate and staff 
member New York University and 
design engineer for the A.B. Dumont 
Laboratories. holds Bachelor 
Electrical Engineering from CCNY and 
Master Electrical Engineering 
from N.Y.U. 


constant 


BERNHARD AWARDED 
HONORARY DEGREE 


Bernhard, professor en- 
gineering mechanics Rutgers Uni- 
versity, New Brunswick, J., was 
honored this summer the Technical 
University Berlin, Germany. 
received the honorary degree Doctor 
Engineering for his contribution 
the development new methods for 
testing engineering materials and struc- 
tures and pathfinder the science 
soil dynamics.”’ 

professional engineer the state 
New Jersey, and consultant, Pro- 
fessor Bernhard has published num- 
ber his studies microseismics, soil 
wave motion and other aspects the 
dynamics and statics soils. 


EMPLOYMENT 
SERVICE 
BULLETIN 


Position Available 


P-1. Great Lakes area. Com- 
pany established years earthmov- 
ing machinery desires equiv- 
alent with years’ experience 
machine design and with proved ability 
stress analysis. Requirements in- 
clude setting experimental stress- 
analysis activity responsibility 
from concept through layout, stressing, 
finished product. Duties include 
supervision, reports, company and ven- 
dor liaison and field trips. Reports 
Chief Engineer. 
profit sharing, bonus. Reply held con- 
fidential. 


> 
7 
4 


Pol. 
its and 


staff 
umont 
elor 
and 


en- 
hnical 

for 
struc- 


state 

Pro- 
num- 
soil 
the 


7 


PLAN NOW 

ATTEND 
FIRST 
INTERNATIONAL 
CONGRESS 

EXPERIMENTAL 


MECHANICS 

AND 

1961 EXPOSITION 
NOVEMBER 1-3 
HOTEL NEW YORKER 
NEW YORK, 


FOUR APPOINTED 
SALES ENGINEERS 


Beane, vice-president Sales 
The Bristol Co., has announced the 
appointment four engineers their 
Instrument Division, Field Sales De- 
partment. The new men, all sales 
engineers, are assigned follows: 
Elwin Berg, Chicago Branch; John 
Birkenberger, Waterbury Branch; 
Glenn Finney, St. Louis Branch; 
Lawrence Waterbury 
Branch. 


MEMBERSHIP SESA 


the space age, measurements stresses, forces 
and accelerations must made check calcula- 
tions and obtain information that cannot cal- 


culated. 


The Society for Experimental Stress Analysis the 
forum for work and workers the experimental 


mechanics field. 


How you can join the Society and take advantage 
its many benefits explained descriptive litera- 


ture available, 


For further details write to: 


SOCIETY FOR 


EXPERIMENTAL STRESS ANALYSIS 
Bridge Square, Westport, Conn. 


EDWIN WEIBEL 


Professor mechanical engi- 
neering the University Colo- 
rado and long-time member 
the SESA, Edwin Weibel 
passed away last June after 
week’s illness. 

Mr. Weibel was born Nov. 19, 
1896, Philadelphia. Most 
his youth spent Montreal, 
Que., where was graduated 
engineering mechanics from Mc- 
Gill University 1918. After 
year service the First World 
War, became design engineer for 
the Dominion Bridge Co. 
Montreal until 1931. 

1931-32 Dr. stud- 
ted piano for year Toronto, 
and then went the University 
Michigan graduate school where 
received the Ph.D. degree 
From 1935 until 1947 was 


STRESS 
ENGINEERS 


Civil engineering. 


obituary 


the faculty the Engineering 
College the University Cali- 
fornia. Since 1947 had taught 
the University Colorado. 
His writings include papers 
elasticity, optics and vibrations. 

Dr. Weibel was also member 
American Society for Engi- 
neering Education, Sigma and 
American Association Uni- 
versity Professors. was elected 
fellow the American Associa- 
tion for the Advancement 
Science. 

Friends Dr. Weibel have 
started Memorial Fund pro- 
vide visiting lectureships photo- 
elasticity Con- 
tributions the fund may 
made the Mechanical Engineer- 
ing Department the 
Colorado. 


for 


KAMAN AIRCRAFT 


The nation’s largest independent producer 
Rotary Wing Aircraft located Bloom- 
field, Conn. (6miles from Hartford, Conn.) 


Will perform Stress Analysis mechanical 
assemblies, assume responsibility for struc- 
tural integrity portions aircraft, includ- 
ing complete major sub-assemblies. 
and witness tests designed determine 
structural adequacy components. 


Aeronautical 
REPKEWICH 


Specify 


Requires 2-10 years experience plus 
Mechanical, 


Send complete resume required 


Technical Personnel 
Industrial Relations Department 


KAMAN AIRCRAFT CORP. 


CONN. 
Equal Opportunity Employer 
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FORCE-MEASURING TRANSDUCERS 


Load cells designed measure 
both tension and compression over 
wide range have been introduced 
Microdot Inc., 220 Pasadena Ave., 
South Pasadena, Calif. Seven models 
with full load ratings 1000, 2000, 
5000, 10,000, 20,000, 50,000, and 
100,000 are offered. Units rated 
are also available. 

Sensing function these force- 
measuring transducers performed 
Microdot’s resistance wire-type high- 
temperature weldable strain gages 
bridge configuration within ring. 
These units are all conservatively 
rated; they may overloaded 
much 50% without destroying cali- 
bration, according manufacturer. 
desired, safety link can added 
allow for much larger overload. 

Method temperature compen- 
sation used said provide high sta- 
bility the presence wide and rapid 
changes temperature. The units 
can used without damage from 300 


STRAIN-GAGE CONDITIONER 


Lawrence St., Philadelphia 40, Pa., 
announces that its new Model 1-400 
Servomatic modular strain gage and 
transducer input conditioner will ac- 
commodate any type resistance 
strain gage transducer. 
module contains its own individual 
floating power supply. The necessary 
sophistication has been added that 
the depression one pushbutton will 
cause automatic servo balancing and 
control, the manufacturer explains. 
The servomatic system will null to+10 
microvolts. unique manual over- 
ride provided for normal manual 
balancing and There 
also automatic calibration features 

The modules can used with 
wire input calibration systems and 
can perform single double-shunt re- 
sistance calibration, well series- 
current calibration. 


New products 


For more details regarding these products, circle item number 


Reader Information Card 


SR-4 INSTRUMENT CALIBRATOR 


new low-cost, precision cali- 
brator, that can check with high ac- 
curacy the over-all performance 
transducers and 
mentation, has been introduced the 
Electronics Instrumentation Di- 
vision, Waltham, Mass., Baldwin- 
Lima-Hamilton Corp. 

Providing multiplicity ac- 
curate mv/v millivolt settings, the 
unit, designated the SR-4 universal 
instrument calibrator, can also used 
represent the multiload 
cell installations, reported the 
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manufacturer. also can check full 
bridge strain indicators and practically 
any millivolt mv/v instrument. 


HIGH-PRESSURE VALVE 
The availability 3-in. valve 
that opens msec, originally de- 
veloped for use aircraft-arresting 
device announced Research, Inc., 
Box 6164, Minneapolis 24, Minn. 

Suggested possible uses for this 
large-capacity, high-pressure valve are 
rapid pressurization pressure 
vessels, rapid pressure release, 
simulation explosive phenomena, 
high-energy metal forming. 

The 3-in. diameter valve orifice 
double toggle assembly that tripped 
solenoid. Only msec after the 
solenoid plunger starts moving the 
valve seal broken, and msec later 
the port wide open. Maximum op- 
erating pressure 1500 psi. 


BRIDGE-CONTROL READOUT 


portable bridge-control-readout 
instrument, has been intro- 
duced the Electronics Division 
Statham Instruments, Inc., 12401 
Olympic Blvd., Los Angeles 64, Calif. 
The provides combined 
power supply, bridge balance and elec- 
trical readout meter for any two- 
four-arm strain gage, such pressure 
transducers load cells, according 
the manufacturer. 

laboratory set-up device for more 
complex instrumentation systems, 
simple indicator laboratory 
tests. When using the unit with 
strain-gage instrument, additional 
resistors are required, and proper power 
source and amplification 
contained. Reliability achieved 
use solid state electronics throughout 
the instrument. 
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ABSORPTION DYNAMOMETER 


new absorption dynamometer, 
described having pecially de- 
signed hysteresis brake order re- 
duce starting torque and improve 
high-speed performance, has been de- 
veloped John Chatillon Sons, 
Cliff St., New York 38, An- 
other important feature the new 
transfer torque ranges through 
progressive spring-loading system. 

Known the 1200 series, the new 
unit applies restraining torque 
prime rotary movers, such electrical, 
hydraulic air motors, turbines, ro- 
tary spring activators, etc., and meas- 
ures the magnitude the applied 
torque. 

The dynamometer can also 
used static torque tester. test 
fixture supplied for dead weight 
checking calibration. 


PROPORTIONAL SOLENOID 


minute proportional solenoid 
which occupies space less than 
in. has been announced 
Midwestern Instruments, P.O. Box 
7509, Tulsa, 18, Okla. Midwestern 
calls this new product the Model 
and states ideal for applications 
requiring relatively small, high-force 
displacements proportional input 
signals. The Model 15, according 
weighs less that and can 
mounted provide force any di- 
rection. operates dependably 
environmental temperatures 400° 


NEW... 
BLH-BUILT STRAIN INSTRUMENTS 
EASIER READ, SIMPLER 


BLH announces new instrumentation policy. New 
instruments marketed the world leader 
strain and force measurement will now 
designed and built entirely instrument 
specialists the modern BLH facility 
Waltham, Mass. This policy will provide 
improved instruments with 
responsibility and more favorable pricing. 


Digital strain indicator sets new standard for 
ease operation and readout. features 
digital readout eliminate interpolation from 
dials and meters, wider gage factor 
and gage resistance range ohms), 
battery operation, and accuracy within 
0.1% reading microinches/inch. 

This portable unit transistorized, weighs 
only has durable Formica case, 

and low cost. 


Switching and balancing unit, for use with any 
BLH strain indicator, permits readings 
taken each group gages. Speeds 
test work where time important factor 
because ambient temperature variations, 
creep, inherent characteristics the test 
material, limited availability test 
facilities. Units can stacked handle 
gages gage configurations multiples 10. 
Simplified gage connection board. Special 
friction drive zero adjustments require 

locking. 


inch for channel selector switch 
rotations. Formica case. 


Local availability through BLH sales engineering 
representatives the U.S. and Canada. 
See the one nearest you write direct 

for data sheets. 


BALDWIN LIMA HAMILTON FIRST 
Electronics Instrumentation Division 


Waltham 54, Mass. 
SR-4® Strain Gages Transducers Temperature Sensors Systems 


For details, circle No. Reader Card 
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Quick Reliable 


STRESS ANALYSIS 


Quantitative Qualitative 
Dynamic Static 


and Service Tests 


STRESSCOAT® 


Stresscoat spray-on brittle coating 
stress analysis shows distribution, 
direction and stress level simple 
complex shapes over the entire part. 
Sharply defined stress indications 
the part itself make evaluation with 
any numerous coatings quick and 
positive. 
Stresscoat can used parts im- 
mersed oil tested tempera- 
tures 600° Used leading lab- 
oratories and manufacturers reduce 
costs, build better, stronger products 
that weigh less. 


COMPLETE LOW-COST KITS—READY USE 
AFTER ANALYSIS—TEST 


New ceramic All-Temp 


stress engineer you must depend 
upon the integrity materials and 
parts relation stress levels. After 
evaluation, suggest areas where cracks 
laps are most serious. One an- 
other these Test Systems 
can help you assure the serviceability 
your designs. 


MAGNATEST® 


Nondestructive electronic eddy current 
testing instruments for cracks, seams, 
coating thickness, alloy, etc. 


SONIZON® 


determines thickness 
from one side discovers sub-surface 
defects. 


MAGNAFLUX-MAGNAGLO® 


Magnetic particle testing find and 
mark surface and subsurface defects 
magnetic parts assemblies. 


Fluorescent penetrant marks cracks 
pores nonmagnetic materials. 


MAGNAFLUX MATERIALS 
TESTING SERVICE 


From principal cities. Let test 
your pilot runs for cracks suspected 
cracks due fatigue service units. 
Write for details. 


MAGNAFLUX CORPORATION 
Subsidiary General Mills 


Chicago 31, Illinois 


For details, circle No. Reader Card 
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SEMICONDUCTOR PRESSURE 
TRANSDUCER 


semiconductor 
pressure transducer measuring only 
in. diameter and suitable for 
500 psia range, now being produced 
and marketed Micro Systems, Inc., 
319 Agostino Rd., San Gabriel, 
The manufacturer reports that the unit 
utilizes 
elements arranged full Wheatstone 
bridge convert pressure-induced 
strains into high-level output signals. 

Designated Type this 
pressure transducer said appli- 
cable wide range uses, such 
telemetry, rocket-engine testing, in- 
struments and control systems, and 
model testing. 


1,200,000-LB-CAPACITY 
PROVING RING 

proving ring capable meas- 
uring compression forces 
1,200,000 accuracies well within 
applied load, has been intro- 
duced Morehouse Machine Co., 
1742 Sixth Ave., York, Pa. Made 
National Bureau Standards specifi- 


cations, intended meet the need 


for greater accuracy calibrating 
large-capacity load cells, testing ma- 
chines and rocket thrust stands de- 
manded today’s advancing tech- 


nology, the manufacturer explains. 


The ring, which high 


and weighs 625 has the standard 
defiection-measuring apparatus consist- 


ing micrometer screw and vibrat- 
ing reed. 

The ring will avuil- 
able rental basis will manu- 
factured order. 


INSTRUMENTATION FOR 
STRAIN-GAGE SYSTEMS 


completely new and comprehen- 
sive line instrumentation for strain 
gage and transducer force-measuring 
and calibrating systems has been intro- 
duced Electronics Instrumenta- 
tion Division, Baldwin-Lima-Hamil- 
ton Corp., Waltham, Mass. 

Marking completion three-year 
development program, the new line 
intended for use with BLH bonded 
However, the instruments can also 
used with similar bonded unbonded 
strain-gage force transducers, re- 
ported the manufacturer. 


FOUR-TRACE PREAMPLIFIER 


The availability new four- 
trace preamplifier announced 
Tektronix, Inc., P.O. Box 500, Beaver- 
ton, Ore. 

Seventeenth the 
plug-in units, the new Type Unit 
adds multiple-trace displays the 
range applications possible with 
your Tektronix oscilloscope, according 
manufacturer. four signals 
can observed either separately 
any combination. 

Independent controls for each am- 
plifier channel permit user position, 
attenuate, invert input signals de- 
sired. 
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STRAIN-GAGE PLOTTER 


Lawrence St., Philadelphia 40, Pa., 
announces new multichannel strain- 
gage recording and plotting system 
with digital output. 

This system utilizes input con- 
ditioning modules channels each. 
Any module may eliminated from 
data run simple switch. 
The last point selected via patch 
panel which also used for flexo- 
writer format control. The system 
may programmed stop over- 
range, allowing the operator manu- 
ally change ranges, the system can 
document all channels and code those 
that are over-range, reported 
the manufacturer. Visual indicators 
announce over-range conditions de- 
manding corrective action prior the 
next run. check channel guaran- 
tees proper operation the entire 
system before the acquisition data 
takes place. Fixed data may 
entered via parameter board. The 
stop-continue feature allows operator 
over-ride automatic control. 


PANEL METERS 


Airpax Electronics, Inc., Seminole 
Division, Fort Lauderdale, Fla., an- 
nounce the release the new Airpax 
0-50 d-c panel meters which re- 
mirrored scale, perfect tracking over 
entire scale and accuracies 
better. Spring-mounted jewel bear- 


ings, mirror-polished steel pivots and 
machine-turned parts are said in- 
sure durability and high reliability. 


and combinations. All meter types 
are available with sensitivities 10,000 
20,000 ohm per volt intermediate 
values. 


CONVERTIBLE HEAD 
FOR TESTERS 


Owners Dillon high-capacity 
testers can now also test extremely 
low ranges without buying separate 
tester, according announcement 
Dillon Co., Inc., 14620 
Keswick St., Van Nuys, Calif. The 
new interchangeable low-range head 
said convert all high-capacity models 
into dual-use instruments. 

Interchange the low- and high- 
range heads only matter minutes, 
with ordinary tools, the manufacturer 
states. Both units provide portable 
testing machine that can easily 
moved wherever the work 
done. 


available for all Dillon Model 
“L” and testers. 


SLIP TABLES 


| 


L.A.B. Corp., 500 Onondaga St., 


Skaneateles, Y., reports the avail- 
ability its VaPress slip tables, de- 
signed with vacuum hold-down fea- 


ture that reportedly resists high force 


couples created horizontally vibrat- 
ing loads. Intended for mounting 
loads for vibration testing with electro- 
dynamic shakers, the VaPress slip 
table plate supported numerous 
hydrostatic bearings equally spaced 
under the plate. High-pressure oil 
lifts the plate off the bearing surfaces. 
The areas surrounding the bearings 
the base are relieved and connected 
vacuum pump creating 
downward force the plate which re- 
sists the force couples loads being 
driven horizontally their base 
exciter. Withstandard vacuum-pump 
equipment, the slip table will resist 
12,000 in-lb force couple. mount- 


ing surface 22-in. square aluminum- 
alloy plate with keel attached its 


under-side. 
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RESISTANCE WELDER FOR 
MICROCOMPONENT LEADS 


Model solid-state, precision- 
welding power supply with two highly 
sensitive capacity ranges, furnishes 
millisecond welding energy for joining 
fine wire, microcomponents, circuitry 
junctions and 
other critical metal-joining applica- 
tions, according its manufacturer, 
Unitrek Corp., Weldmatic Division, 
950 Royal Oaks Drive, Monrovia, 
Calif. 

Operable from standard 115-v a-c 
line current, the 1039 rectifies the input 
current dc, then stores elec- 
trolytic capacitors. Upon actuation 
companion, power-matched welding 
head, the stored energy released 
through the parts joined. 

Because the extremely short 


discharge time (approx. 0.001 sec), the 
welding heat confined the weld 
zone. Welds can made adjacent 
heat-sensitive elements and compo- 
nents without damage. There 
ported. 


TELEMETER RECEIVER 


new line 4-in. chart-width 
telemeter receivers (Series 670) has 
been announced The Bristol Co., 
Waterbury 20, Conn. 

Designed fit any Metameter 
telemetering system, the new instru- 
ments are offered with one two pens, 
the manufacturer states. Each pen 
available with one two retrans- 
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facturer states. 
proof-tested 3000 microstrain, and 


mitting slidewires, and maximum 
four individually adjustable alarm 
contacts. Each alarm contact has 
individual scale. the maximum 
eight alarm contacts can set from 
the front the instrument. 

Other features reported include 
brightly colored, distinctively shaped 
pointers, new capillary inking system, 
and new removable chart drive for 
easy chart changing. 


U-SHAPED SEMICONDUCTOR 
STRAIN GAGE 


new, flexible, ultra-thin semi- 
conductor strain gage featuring 
shaped configuration with leads the 
same end now available from Micro 
Systems, Inc., 319 Agostino Rd., San 
Gabriel, Calif. 

The gage, designated 
Sensor Model MS632-120, provides 
greater advantages higher operating 
temperatures, stability, flexibility for 
reduced radii applications, and ease 
limited-area installation, the manu- 
This U-shaped gage 


has ultimate strain capacity 5000 


microstrain. 


elevated-temperature strain meas- 
urements stress analysis for military, 
space, industrial and transducer appli- 
cations. 


TEMPERATURE AND RADIATION 
INTEGRATING SYSTEM 


The availability new record- 


ing system which measures, integrates 


and records analog voltage inputs cor- 
responding differential and absolute 
temperatures and thermal radiation 
levels announced Datex Corp., 


1307 Myrtle Ave., Monrovia, Calif. 


The system has capacity 
channels. Input data for each chan- 


nel are sampled for value and sign, 


stored and integrated over one-hour 
period and then recorded via tape 
punch. This integrating period may 
changed suit specific require- 
ments. The sampling rate 100 
samples per channel each hour. The 
system accepts voltage inputs from 
0.001 0.999 and provides basic 
1000 count full-scale output accuracy 
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FREQUENCY COMPARATOR 

Daystrom-Wiancko Engineering 
Co., 255 North Halstead Ave., Pasa- 
dena, Calif., has designed all solid- 
state frequency comparator, Type 35- 
2001, control function process 
systems where the parameter 
controlled can expressed fre- 
quency. wide range parameters, 
including rpm, flow rate, temperature, 
pressure, force, and acceleration can 
accommodated, according the manu- 
facturer. 

Control accomplished supply- 
ing easily selected signal from 
precision reference oscillator the 
comparator either sinusoidal pulse 
form which represents the desired 
magnitude the parameter con- 
trolled. The difference between this 
reference frequency and the actual 
parameter frequency results out- 
put signal from the comparator pro- 
portional the error which can used 
drive appropriate control de- 
vice the parameter. 


TRANSDUCER MODELS 


Two new models the Type 4-326 
strain-gage pressure transducer have 
been announced the Transducer 
Division Consolidated 
dynamics Corp., subsidiary Bell 
Howell Co., 360 Sierra Madre Villa, 
Pasadena, 

One model features overpres- 
sure stop which permits two times the 
rated pressure applied for three 
minutes without causing zero set 
exceed 0.5% full range output. 
Ten times rated pressure, 10,000 psi, 
whichever less, can applied for 
three minutes without causing zero 


set exceed full-range output, 
manufacturer. Pressure 
ranges are from psi 
absolute and gage. 

The second model utilizes stain- 
less steel type 17-4 for construction 
the case and diaphragm. Pressure 
ranges from psi 
absolute and gage. 

The Type 4-326 utilizes the un- 
bonded strain-gage principle with 
four-active-arm spring-type sensing ele- 
ment and diaphragm force summing 
area. 


TRANSDUCER SIGNAL 
CONDITIONING EQUIPMENT 


New units feature radically different 
packag concept low cost per channel. 


Microdot has introduced two new 
transducer and strain gage signal con- 
ditioning units which make 0.5% 
subsystem accuracies economically 
feasible. Both the PS-290 Power Sup- 


ply and the PB-290 Power Supply and 
Balance units incorporate plug-in card 
circuits for eight channels 
19” rack high. 


TRANSDUCER SIGNAL- 
CONDITIONING UNITS 


Two new transducer signal-con- 
ditioning units described featuring 
radically different packaging concept 
are now available from Microdot Inc., 
220 Pasadena Ave., South Pasadena, 
Calif. 

Both the PS-290 power supply 
and the PB-290 power and balance unit 
incorporate plug-in card circuits for 
many eight channels mounted 
standard 19-in. rack only in. high. 
Bridge completion, balancing and cali- 
bration resistors are easily accessible 
from the front. With quarter-turn 
screw, channel can pulled out, 
resistors changed without soldering, 
and the card re-inserted along nylon 
guides, the manufacturer reports. 

The PS-290 consists power- 
supply card which provides regulation 
and complete isolation from the line 
for outputs ranging from millivolts 


MICROMINIATURE DIFFERENTIAL 
AMPLIFIERS 


Full rights new line micro- 
miniature differential amplifiers have 
been purchased from Stanaway 
Associates, Pasadena, Calif., the 
Electronics Instrumentation 
vision 
Corp., Fourth Ave., Waltham 54, 
Mass. 

The new amplifiers incorporate ad- 
vanced techniques circuitry, com- 
ponents and packaging, the manufac- 
turer reports. B-L-H will make the 
new units integral part its strain- 
gage transducer line, provide the 


Both units feature individual pull-out 
channels bridge completion, balanc- 
ing, and calibration resistors are read- 
ily accessible from the front. Lower 
photo shows the two separate cards 
that comprise a complete channel— 
— supply card on the left and 
ridge conditioning card on the right. 


PS-290 Power Supply 


This unit departure from the stand- 
ard series-regulator-type power supply. 
New circuitry provides excellent reso- 
lution over wide range outputs. 
Warm-up time reduced few min- 
utes. drifts are negligi- 
ble. Output impedance been 
greatly reduced. Isolation 
line has been reduced level obtain- 
able only with much more expensive 
equipment. 


PB-290 Power Supply Balance 


This unit includes, addition the 
PS-290, the balance, calibration, and 
monitoring functions required com- 
plete transducer system. resistors 
are accessible from the front the 
panel and require soldering—the 
power supply may left connected 
and ready for use during change- 
over. 


today for complete specifications 
and descriptions these unusual new 
units. 


MICRODOT INC. 


220 Pasadena Avenue 
South Pasadena, California 
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STRAIN INDICATOR FOR 
SEMICONDUCTOR GAGES 


The availability new strain 
indicator for semiconductor gages 
Inc., 3644 Lawrence St., Philadel- 
ufacturer, this strain indicator con- 
stant-current device that will accept 
strain gages. has separate sensi- 
tivity control, balance control and 
multistep calibration. The unit 
equipped with ranges. Manual 
selection made between 350- and 
120-ohm gages. Manual selection 
gage factor adjust incorporated. 
Strain may read directly micro- 
inch per inch zero center, 100 di- 
vision, mirror-backed meter. d-c 
output circuit and jack also available 
for dynamic external recording. 


ELECTRON-MICROPROBE 
DISPLAY CONSOLE 


new display console used 
conjunction with electron-beam 
microprobe analyzers has been intro- 
duced Inc., 1225 Broad 
St., Falls Church, Va. The console 
will display the location and concen- 
tration four separate X-ray 
spectra simultaneously, one channel 
may display back scattered electrons, 
reported the manufacturer. 

The console provides the raster 
drive for both the electron microprobe 
beam and the CRT’s. The X-axis 
linear sawtooth wave- 
form with sweep time from sec 
per line. The Y-axis deflection 
stepped voltage synchronized with the 
retrace the X-axis sweep. The 
lines. 


modular strain gage and transducer input conditioner. Now, offers indi- 
vidual plug-in bridge balancing and calibration printed circuit modules. Series 


shunt calibration via the technique 


manual automatic, 


simultaneous sequential. Any number channels packaged required. 


f 


3644 Lawrence St. 
Philadelphia 40, Pa. 
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PORTABLE STRAIN INDICATOR 


new, portable strain indicator, 
providing digital readout and twice the 
gage-factor range previously provided, 
has been announced Electronics 
Instrumentation Division Baldwin- 
Lima-Hamilton Corp., Waltham 54, 
Mass. 

Designated the Type 20, the new 
indicator described the manufac- 
turer representing significant im- 
provement over the Type unit and 
said provide these new features: 
digital readout, eliminating interpola- 
tion from dials and meters; doubled 
gage-factor range, increased from the 
former range 1.77 through 2.22, toa 
range 1.50 through 4.50 the new 
indicator. 

B-L-H also reports that the indi- 
cator designed give simple, fast, 
dependable operation with most com- 
mercially available strain gages one-, 
two- four-arm networks, and with 
strain-gage transducers, bonded un- 
bonded, provide direct indication 
the measured variable. 


VIBRATION MONITOR 


transistorized monitor detect 
and measure vibration amplitudes over 
wide frequency range, any type 
machinery and equipment that pre- 
sents the prospect vibration, has 
been announced Lehigh Valley 
Electronics Inc., 739 Hamilton St., 
Allentown, Pa. 

Vibration monitor completely 
transistorized, modular construction 
and portable, the manufacturer reports. 
isadaptable 110 battery power. 
(including 


n 
n 
19” rack adapter houses channels 


OSCILLOGRAPH 

new self-contained dual-channel 
direct-writing oscillograph with new 
sealed inking system, now available 
from Photron Instrument Co., 6516 
Detroit Ave., Cleveland Ohio. 
features variety interchangeable 
plug-in preamplifiers—low and medium 
gain, chopper stabilized, carrier and 
others, with measurement range from 
0.0001 400 and frequency 
sponse from 100 cps, according 
manufacturer. Choice ink ink- 
less traces charts, either 
curvilinear rectangular coordi- 
nates, may had. Chart speeds 
measure and 100 mm/sec, with 
push button selection. 


GALVANOMETER PROTECTOR 


galvanometer protector pre- 
vent coil burnout CEC magnetically 
damped galvanometers has been in- 
Division Consolidated Electrody- 
namics Corp., subsidiary Bell 
Howell Co., 360 Sierra Madre Villa, 
Pasadena, 

The new device utilizes replace- 
able insert which permits repeated 
use the protector, according manu- 
facturer. The unit can 
attached existing galvanometer 
input panels with change existing 
damping-resistor 
also reported that can per- 
manently installed galvanometer cir- 
cuits with degradation signals. 

Insertion resistance the entire 
greater than 7.5 
ohm for input signals +100 
less. Phase shift deg maximum 


INSTRUMENTS 


Burr-Brown Research Corp., Box 
6444, Tucson, Ariz., announce 
addition their line transistorized 
test equipment, the 1800 series. 

Completely solid state, the 1800 
Series instruments employ standard 
sub-modules including differential and 
operational ampli- 
fiers provide variety gain ranges, 
gain steps, frequency responses and 
outputs, according manufacturer. 
typical instrument provides variable 
gain 1000 over 20,000 cps 
with input impedance greater than 
megohm and output impedance 
suitable for driving 100 galva- 
nometer. 1800 Series features 
plug-in modular package with 
standard rack. 


OIL-FILLED SYNCHRONOUS 
TIMER MOTOR 


noiseless oil-filled synchronous 
timer motor designed for virtually 
life-time continuous 
been developed Lake City, Inc., 
110 West Woodstock, Crystal Lake, 

According manufacturer, com- 
plete sealing effected specially 
designed spring-loaded packing gland 
which prevents the oil from working 
out the housing when the motor 
operating. Key element the pack- 
ing gland neoprene ring which 
held under constant pressure 
spring, thus sealing the oil. 


PHOTOELASTIC 
STRESS ANALYSIS 
POLAROID* FILTERS 


Standard Equipment Special 


Complete Apparatus Components 


Point Light Sources 


White Light and Monochromatic (546 589 line) 


Matched Quarter Wave Plates 17” diameter 


Polaroid Polarizers 17” diameter 
Cemented Glass Laminations 


Straining Frames 


Recording Cameras 


*T. M. Rag. U.S. Pat. Off. by Polaroid Corporation 
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TRANSISTORIZED SPECTRUM 
TAPE RECORDER 


Polarad Electronics Corp., 43-20 
34th St., Long Island City Y., 
announces Model TRS, transistorized 
spectrum tape recorder, which 
specifically designed record, store, 
and playback the spectral information 
any modulated signal which can 
normally displayed the cathode- 
ray tube spectrum 
analyzer. 

Polarad’s line spectrum analyzers, 
the Model TRS can record spectra 
for future reference, monitor trans- 
mission activity over wide frequency 


bands, store frequency 
information. 

Fully transistorized, the Model 
TRS spectrum tape recorder provides 
facilities for simultaneously recording 
vocal commentary along with the 
video, offering valuable means 
providing reference material, 
conditions, and other important factors 
which spectrum display alone does 
not offer, states manufacturer. 


PROPORTIONAL CONTROLLER 


The new Thermo electronic pro- 
portional 
Thermo Electric Co., Inc., Saddle 


invites all manufacturers 
engineering and scientific equipment 
used experimental mechanics 

exhibit 


1961 EXPOSITION 


held conjunction with 


FIRST INTERNATIONAL CONGRESS 
EXPERIMENTAL MECHANICS 


Hotel New Yorker, New York City 


Lively, working exhibits doing something and telling 
your story are the best way talk engineers and 
scientists. This your opportunity for best results. 


For details, write 


SESA, Bridge Square, Westport, 
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dependable, proportional off-on 
control with almost imperceptible cy- 
cling, and will not permit 
according the manufacturer. Used 
ments, such indicators indicating 
recorders having 
wires, this proportional controller 
said provide accurate control 
practically any process; temperature, 
pressure, pH, chemical concentration, 
liquid level, etc. 


CIRCUIT BREAKER 


Airpax Electronics Inc., Cam- 
bridge Division, Cambridge, 
announces that its new Series C-500 
circuit breaker provides industrial users 
with inexpensive and positive circuit 
protection. This electro-magnetic cir- 
cuit breaker weighs but max- 
imum and withstands shock and 
extremes vibration and temperature. 

Trip-free feature makes impos- 
sible maintain the contacts closed 
when carrying current that would 
normally trip the contacts their 
open position. This electro-magnetic 
circuit breaker can supplied with 
auxiliary contacts actuate remotely 
located panel lights alarms. 


MINIATURE 
GYRO-TEST TABLE 


Kearfott Division, General Pre- 
cision, Inc., 1150 McBride Ave., 
Little Falls, J., has announced the 
production the C056425015 
sion miniature gyro-test table for 
servo, rate and tumble testing. This 
test table consists principally 
precision-servoed table assembly, 
tilting and positioning mechanism, 
electronic autocollimator and optics, 
and rigid mounting base for support- 
ing the standard collimator together 
with provisions for leveling and north- 
south alignment. Among the features 
which this unit includes are aluminum 
housings assure long-term stability 
and dependability, two-servo-motor 
drive reduce system-stability prob- 
lems and provide backlash-free opera- 
tion, roller bearings provide accurate 
table rotation with low friction, and 
rigid granite mounting base, the 
facturer reports. 
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LATCH-IN FAULT INDICATOR 

new sealed miniature 
magnetic latch-in fault indicator, avail- 
able wide current and voltage ranges 
provide flexibility meeting circuit 
requirements, has been developed 
the Precision Meter division Min- 
neapolis-Honeywell, 
Manchester, 

explained the manufacturer, 
disk-type flag, which may color 
coded imprinted designate the 
function being monitored, rotates be- 
hind sector window. 
energized, the flag magnetically held 
the position. When ener- 
gized, rotates the position 
and held there magnetically even 
the energizing source removed. 
Return the normal position 
accomplished reversing the polarity 
the energizing source. 

The device maintains positive indi- 
cation when unenergized vibration 


AND BALANCING UNIT 


SWITCHING AND BALANCING UNIT 


new 10-channel switching and 
balancing unit, providing means for 
bridge balancing and quickly switching 
strain gages gage configurations 
into strain indicator, has been intro- 
duced Electronics Instrumenta- 
tion Division Baldwin-Lima-Ham- 
Corp., Fourth Ave., Waltham 
54, Mass. 

Designated the Type 525 switching 
and balancing unit, the instrument 
extremely useful when readings must 
and where time short because 
limited availability testing facilities, 
ambient temperature variations, creep, 
other characteristics the test 
material, the manufacturer reports. 


plotters 


data loggers 


Model 114 Strain Gage Plotter 


Plots Strain vs. Load Data 


Manual Plotting Reading 
Reduces Test Time 

24, 48, Channels 

Zero Positions per Channel 


Individual Graphs for Each Channel 


Digital Read-Out Tape, Card, 
Electric Typewriter can 
Operated Simultaneously 


Model 179 Data Logger 


Medium Speed, Absolute Millivolt 
Instrument 


Scans 200 Channels Channels 
per Second 


Prints Paper Tape and 
Coded Punched Tape 


Strain Ranges Selected Front 
Panel Switch 


Pre-set Alarm System for Each 
Channel 


Model 156 Segmental Recorder 
192 Channel Input 


Individual Graphs 


For Use with any D.C. Millivolt 
Signal Input 

Used Separate Plotter with 
Non-Indicating Scanning Systems 


Detects Trends Immediately 
Long-Run Testing 


For Complete Information, Write Dept. 
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AUTOMATIC TEST DYNAMOMETER 


wheel and brake test dynamom- 
eter for automatic high-speed control 
aircraft wheel and tire tests has been 
announced Gilmore Industries, Inc., 
13015 Woodland Ave., Cleveland, 
Ohio. The dynamometer can simulate 
250 mph given touch- 
down rate comparable take-off 
with plane weight brought speed, 
according the manufacturer. 

The system described con- 
trolling three functions simultaneously: 
wheel speed vs. time, wheel load vs. 
time, and brake torque vs. flywheel 
velocity. Complete unit consists 
two independent systems. sys- 
tem controls wheel carriage op- 
posite sides the same 84-in. flywheel 
and there are three X-Y drum-type 
followers and one X-Y recorder each 
system. opposite panels the 
control console are the complete con- 
trols for one carriage and wheel. With 
this arrangement, one wheel test re- 
portedly can programmed and run 
while the other being prepared for 
tests drawing curves, setting the 
time base, etc. When one panel 


ELECTRONIC CONTROL CONSOLE HYDRAULIC TEST BED 


UNIVERSAL TESTING MACHINE 


automatic universal testing 
machine has been added the line 
produced The Marquardt Corp., 
16555 Saticoy St., Van Nuys, Calif. 

Designated TM-6, the hydraulic- 
powered machine designed accom- 
modate highly exacting test require- 
ments for determining physical proper- 
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ties all types materials, including 
metals, plastics, ceramics, cermets, 
cloth, and paper, according the 
manufacturer. The TM-6 available 
15,000, 30,000 60,000 Ib. capacity, 
with hydraulic power stroke in. 
The machine automatically con- 
trolled and will test materials ten- 
sion, compression, bending, fatigue, 
creep, creep-relaxation and recovery. 
Heart the closed loop, 
high response, servo-controlled 
draulic loading system. Completely 
automatic operation 
achieved for uniform rates, constant, 
cyclic testing over wide ranges using 
strain, stress table motion the 
controlled variable. 


VISICORDER WITH BUILT-IN TIMER 


Minneapolis-Honeywell’s Heiland 
Division, 5200 Evans Ave., Denver, 
22, Colo., has introduced new direct- 
recording oscillograh with optional 
built-in flash tube timer that produces 
full-width time lines recording paper 
any three intervals. 

The new oscillograph called the 
Visicorder 906C. employs timing 
circuit that can triggered externally 


either supplying pulsing 
causing impedance drop 100 
ohms less through shorting-out 
other means. 

result, the company states, the 
time signal can used event 
belt movement any other effect 
that can more conveniently fed 
the timing circuit than galva- 
nometer 


TORQUE TRANSDUCER 


torque transducer for torque 
sensing tests electric motors, 
generators, stepping motors, clutches 
and brakes, bearings, potentiometers 
any other rotating device now 
available from Lebow Associates, 14857 
Mile Rd., Oak Park 37, Mich. 
Models are available ranges from 
in.- oz. thousands inch-pounds. 

The case reaction the test unit 
mounted the table measured 
means bonded strain gages special 
flexure straps. 

Since slip rings are employed, 
there limitation speed ro- 
tation and maintenance require- 
ments bearings brushes. 


PROCEEDINGS THE SESA 1961 


Volume XVII! No. the Proceedings the SESA 
will become available about the end December 1951. 
All members good standing December 1960 


will receive copy without charge. 


For others, the 


price per copy $7.00 nonmembers, $6.00 mem- 


bers, plus postage. 


Copies may ordered from 


SESA, Bridge Square, Westport, Conn. 
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MAGNETIC-STIRRING BATH 


Labline, Inc., 3070 Grand 
Ave., Chicago 22, has introduced 
line baths with magnetic, rotary 
stirring action. The 
baths, they are called, come four 
in. deep. Magnetic stirring 
achieved with only one moving part. 

This stirring method said 
eliminate the need for levers, pumps, 
solenoids, propellers special linkages. 
The magnetic-stirring bar energized 
from below the chamber 
sparking, induction motor. Uniform 
circulation achieved with 
director which surrounds the stirring 
bar and helps direct the water flow 
throughout the chamber. 

Temperature range from slightly 
above ambient 100° when used 
with cover. temperature sensi- 
tivities are available; either +0.10° 


with Rota-set regulator and electronic 
relay. 


LOW-TEMPERATURE CRYOGENIC 
MEASURING SYSTEMS 


new low-temperature cryogenic 
measuring system has been developed 
Texas Instruments Inc., P.O. Box 
6027, Houston Tex. This system 
includes germanium thermometer 
and special potentio- 
metric recorder. 

The germanium thermometer 
available three versions: calibrated, 
uncalibrated and standardized. The 
thermometer (or cryometer) couples 
with the special recorder 
resulting system which accurately 
ments. 


U-SCAN ENCODER 


new type analog-to-digital 
shaft position encoder, using U-scan 
technique now available from Datex 
Corp., Myrtle Ave., Monrovia, 
Calif. Called the CG-733 Series, the 
new units incorporate advantages 
self-selecting V-scan encoders, but 
eliminate their disadvantages, the 
manufacturer states. 


NOTE! 


The deadline for papers presented the 1962 
Spring Meeting, Dallas, Texas, December 15, 1961. 
Authors unfamiliar with style requirements should 


write SESA, Bridge Square, Westport, re- 
questing copy the pamphlet, ‘‘An SESA 
Manuscripts should mailed Dr. Guernesy, 
Chairman Papers and Proceedings Committee, Space 
Technology Laboratories, Box 95001, Los Angeles, 
45, Calif. 


DIGITAL OHMMETER 


The NLS 784 precision digital 
ohmmeter with printout connection 
has been introduced Non-Linear 
Systems, Del Mar, Calif., new 
member its industrial line digital 
measuring instruments. 

The 784 has been designed for ac- 
curacy, reliability and simplicity 
operation, the manufacturer 
also reported that fully auto- 
matic, with automatic range changing, 
positioning the decimal point, and 
built-in controls for automatic opera- 
tion data printers. 

The instrument said de- 
signed that can used un- 
skilled personnel. Its applications in- 
clude research and development work, 
inspection, quality control 
ability and environmental testing. 


WAVEFORM TRANSLATCR 


The availability the Autograf 
Type 101 waveform translator 
announced Moseley Co., 
409 Fair Oaks Ave., Pasadena, Calif. 
This electronic translator operates 
with X-Y recorder produce 
accurate, permanent inked record 
function dis- 
played oscilloscope, the com- 
pany explains. 

Representative functions which 
can translated the Autograf 
Type 101 include magnetic hysteresis 
loops, volt-ampere characteristics and 
Lissajous figures. The translator 
said particularly suited for such 
applications inter-connecting 
analog simulation equipment with 
analog equipment operating high 
frequencies, recording the actual 
duction item give permanent re- 
cord the item’s 
formance. 
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Automatic Torque Recorder 


automatic null-balance torque 
recorder, providing means for ob- 
taining permanent record torque, 
described data sheet No. 4403, 
published Electronics Instru- 
mentation Division, Baldwin-Lima- 
Hamilton Corp., Fourth Ave., 
Waltham 54, Mass. 

The data sheet illustrates the 
instrument, describes features and 
gives specifications and price. 

Incorporating 12-in. diameter 
chart and calibrated scale in., 
the recorder designed and calibrated 


for use with all B-L-H 
torque pickups. 101 
Miniature Load Cells 

Clark Laboratories, 


Box 165, Palm Springs, 
nounce the availability bulletin 
covering miniature load cells ratings 
hysteresis and better than 0.25% 
accuracy. 

The manufacturer points out that 
these cells not wear out any 
conceivable length time. am- 
plifiers are needed and the power 
supply can dry cell two. 103 


Facts Testing 


copy their latest news bulletin 
free writing Thwing-Albert 
Instrument Co., Penn St. and Pulaski 
Ave., Philadelphia 44, Pa. 

“Facts written and 
published periodically inform tech- 
nical people concerned with physical 
testing new developments test 
instruments, new testing methods, 
new applications for test instruments, 
short cuts discovered other readers, 
new useful accessories for instruments, 
and trends testing research and 
development work. 105 
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Multiple-frequency, Nonde- 
structive Testing Machines 


16-page booklet issued the 
Instruments Division The Budd 
Co., P.O. Box 245, Phoenixville, Pa., 
describes the Radac 440 and Radac 
302 multiple-frequency, nondestructive 
testing machines. 

Model 440 Radac, said 
important advance eddy-current 
testing, used particularly for non- 
destructive testing metals and metal 
products for flaws. 

Model 302 Radac applicable 
nondestructive testing all types 
may used determine 
dimensions, composition and physical 
properties. 107 


Tester for Gaging Coatings 
Aluminum 


new brochure, just published 
Twin City Testing Corp., 533 So. 
Niagara St., Tonawanda, 
introduces the Type Permascope 
for nondestructive measurement 
(1) nonconductive coating 
nonferrous base metal such 
minum copper, (2) nonferrous 
coating nonferrous base, (3) 
nonferrous coating nonconductor, 
and (4) conductivity nonferrous 

well containing descriptive 
information, specifications and prices 
for the new instrument, the brochure 
includes details Type Perma- 
scopes for gaging coatings iron and 
steel plus technical discussion 
nondestructive 109 


Electromatic Testing Machines 


The complete line Tinius 
Olsen two-screw and four-screw Elec- 
tromatic universal testing machines 
described 36-page Bulletin just 
released the Tinius Olsen Testing 
Machine Co., Easton Rd., Willow 
Grove, Pa. 

Details and specifications are given 


mechanical units capacities 
1,000,000 well X-Y units for 
specialized research/development test- 
ing, and other models and complete 
line recorders, related instrumenta- 
tion and accessories. 

Bulletin fully describes Selectro- 
drive system designed assure posi- 
tive testing speeds under load 
load, unique torque-bar weighing 
tem and exclusive Selectrorange 
dicating system with masked, color- 
coded dial, the manufacturer states, 


Insulated Terminals 


Microdot Inc., 220 Pasadena Ave., 
South Pasadena, Calif., through its 
Lerco Division, has announced the 
availability brochure describing 
terminals available hundreds 
types and dimensions. Included 
the line are miniature 
miniature stand-offs and feed-thrust 
receptacles, plugs, jacks and probes. 

Uncontaminated used 
exclusively for the insulating bushing. 
All terminals withstand temperatures 
from —100 +250° and the rough- 
est handling vibration conditions; 
unaffected solvents, acids bases, 
the manufacturer states. addition 
white the terminals are 
offered variety colors aid 
color coding. 113 


Liquid-detection System 


Technical Bulletin 2650 and Spe- 
cial Product Note 2770 recently issued 
Inc., Burlington, 
Mass., cover new universal liquid- 
detection system. 

Utilizing its Quartector quartz 
crystal sensor, the system also employs 
universal electronic unit. These 
two light-weight elements, when cou- 
pled together, will detect 
ence, absence, virtually any 
low viscosity fluid, including liquid 
hydrogen. Originally designed 
use with cryogenic fluids, the system 
may now used with sodium-di- 
chromate solutions well wide 
variety organic inorganic fluids 
without replacement any its 
components. 115 
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Aimed the problems facing the practicing engineer 


CREEP METALS 


PLASTICITY AND 


Felgar, Space Technology Laboratories, 
though the subject plastic flow and creep 
metals paramount interest the scientist 
and engineer alike, the present volume concen- 
trates primarily those aspects which are 
significant interest the engineer. The em- 
phasis has been placed what the behavior 
with reference the specific use behavior 
characteristics solving engineering problems 
—with only occasional and brief considerations 
the micro-mechanisms which might explain 
why the material behaves does. The design 
problems created the frequently vast differ- 
ences behavior controlled laboratory situ- 
ation and that the more complex service 
situation are given careful and detailed treat- 


ment. The authors make point using 
methods analysis which not require 
assumptions material behavior not consonant 
with experiment. 


typical engineering problems, two types 
effects have taken into account: multi- 
axial-stress effects, and time (or rate) effects. 
These are treated authoritatively and are then 
followed material more advanced nature, 
without which the discussion the two types 
effects would appear oversimplification 
real behavior. The advanced material in- 
cludes discussions anelastic creep, metallurgi- 
cal changes, the Bauschinger Effect, and aniso- 
tropic plastic flow. 1961. Approx. 656 pages. 
Prob. $18.00 


Develops the theory frames manner suitable for use with computers... 


FRAME ANALYSIS 


Arthur Hall, Ronald Woodhead, 
both the University New South Wales. This 
unified presentation the mathematical an- 
alysis structural frames constructed around 
frames which displacements are small and 
where the load displacement linear. 
special feature the book the development 
the theory frames form suitable for use 
with digital computers. Simple frames, and 
three-dimensional frames containing curved 
members and members varying cross-sections 
are described, and the authors gradually intro- 
duce methods matrix algebra which simplify 
the approach complex frames. These methods 


Ready November 


INTRODUCTION 


William Tyrrell Thomson, University 
California, Los Angeles. Presents fundamental 
principles dynamics with applications 


are fully developed later sections the book 


After explaining the basic concepts (equili- 
brium, compatibility, and stress-strain relation- 
ships) and outlining how these may used 
obtain solution, the authors divide the work 
into two main parts: flexibility analysis and 
stiffness analysis. These are shown recipro- 
cal approaches the problem. Several par- 
ticular methods—column analogy, moment dis- 
tribution, coefficient restraint—are men- 
tioned briefly illustrate the way which all 
techniques are variants the two main methods 


SPACE DYNAMICS 


dynamical problems the newly advanced 
field space technology. 1961. Approx. 352 
pages. Prob. $11.50.* 


*Textbook edition also available for college adoption. 


JOHN WILEY SONS, Inc. 


440 Park Avenue South, New York 16, 


For details, circle No. 11 on Reader Information Card 
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Note AUTHORS 


papers and technical notes 
should conform style require- 
ments set forth the manual 
SESA and the 
Check Obtain your copies 
from SESA Headquarters, Bridge 
Square, Westport, Conn. 


All papers and technical notes 
must reviewed and accepted 
the Papers and Proceedings Com- 
mittee order qualify for pub- 
lication. 


Authors must provide 
ment that their articles have not 
been previously published nor sub- 
mitted for publication elsewhere. 


One original and two copies 
the manuscript, complete and care- 
fully typed with double spacing and 
wide margins, are sent to: 
Dr. Roscoe Guernsey, Chairman, 
Papers and Proceedings Commit- 
tee, Space Technology Laborato- 
ries, Inc., Box 95001, Los An- 
geles 45, Calif. 


Authors should state their affilia- 
tion, title position and mailing 
address. 


All papers, but not necessarily 
technical notes, must presented 
Society Meeting either orally 
title. 


all possible, length text 
should not exceed 4000 words; 
technical note should not contain 
more than 750 words. 


drawn ink and should not 
lettering should used all 
times and should large enough 
when reduced. Photo- 
graphs must sharp, glossy 
prints. separate list captions 


for all figures must typed with 
double spacing. The figure num- 
appear the back each illustra- 
tion. 


Reprints may ordered from 
SESA Headquarters. 
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Magnetic-particle Inspection 


the magnetic-particle 
system recently developed 
Instruments Division The Budd 
Co., P.O. Box 245, Phoenixville, Pa., 
fully described their Sales Bulletin 
No. RF-1000, Kit Model 
100.” 

Well illustrated, this four-page 
bulletin covers the details the pro- 
cess, operation the equipment and 
applications. 135 


Disk Indicator 


Detailed information its line 
disk indicators used measuring 
and control systems 
sistance strain-gage transducers con- 
tained Bulletin No. 4410 offered 
Electronics Di- 
vision, Baldwin-Lima-Hamilton Corp., 
Fourth Ave., Waltham 54, Mass. 

specifications, connection details, dia- 
grams showing typical system ap- 
plications and convenient disk-indi- 
cator selection chart. 

The SR-4 Type disk indicator 
registers load, horsepower, torque, 
pressure; requires less than square 
foot panel area for mounting, and 
features exclusive, horizontal read- 
out window, 
facturer. 


manu- 


137 


Microwave Test Instruments 


new catalog digest micro- 
wave test instruments now available 
from Polarad Electronics Corp., 43-20 
34th St., Long Island City 
Listing applications and specifications 
Polarad’s complete line test 
equipment, the booklet features new 
product line transistorized test 
including spectrum 
analyzer, microwave receiver, micro- 
wave impulse generator and calibrated 
field-intensity receiver. These units 
are light weight and extremely rugged. 
They are designed used with 
either d-c power source 
portable applications normal line 
voltage for laboratory use. 

The catalog also describes 
library technical literature that 
available aid microwave 
research and development work. 139 


Semiconductor Test Sets 


new brochure from Owen Labo- 
ratories, Inc., Beacon Place, Pasa- 
dena, Calif., describes semiconductor 
test sets for use circuit design and 
quality control. Testing small, 
medium and large transistors, diodes, 
zeners, SCRs, switching devices, 
high current and rectifiers 
covered detail. Parameters that can 
141 


measured are also listed. 


THEORY ELASTICITY 


For engineers interested in calculating stresses jn 
engineering structures and machine parts—here is 
the essential knowledge of the theory of elasticity, 
together with the solution of engineering problems 
of practical importance. The book discusses ap- 
proximate and experimental methods solving 
elastic problems which have proved useful in the 
study of complicated cases of stress distribution, 
By S. Timoshenko and J. N. Goodier, Stan- 
ford Univ. 2nd Ed., 506 pp., 266 illus., $11.50 


THEORY 
PLATES AND SHELLS 


Covers the general theory of bending of plates un- 
der lateral load, with applications to circular and 
rectangular plates, and with numerous tables 
simplifying the calculation of deflections and 
stresses in plates. The book provides a treatment 
of combined bending and tension or compression 
of plates, with applications to thin plates. Also 
dealt with is the theory of bending of shells, in- 
cluding applications to cylindrical and spherical 
shells. Timoshenko, Stanford Univ., 
and S. E. Woinowsky-Krieger, Université 
Laval, € .ebec, Canada. 2nd Ed., 580 pp., 
280 illus., $15.00 


FORMULAS FOR 
STRESS AND STRAIN 


A compact and readily usable summary of impor- 
tant formulas, facts, and principles pertaining to 
strength of materials. This book is a reliable 
handbook for engineers concerned with machine 
and structural design which provides valuable 
formulas for stress analysis and elasticity. All 
such experimental data and empirical formuias are 
in line with current information. New material 
has been added, ensuring complete coverage of 
stress and strain. By Raymond J. Roark, Univ. 
of Wisconsin. 3rd Ed., 381 pp., $8.25 


THE STRAIN GAGE PRIMER 


What the bonded wire resistance strain gage can 
do in solving problems in experimental stress 
analysis is explained in this practical book. All 
phases are covered—from selecting the proper 
commercial gage through preparing surface of the 
test member, cementing, damage-proofing, and 
wiring the gage—to selecting the proper instru- 
ment to record the strain gage data, and interpret- 
ing readings in terms of significant stresses. By 
C. C. Perry and H. R. Lissner, Wayne Univ. 
280 pp., 180 illus., $6.00 


SEE THESE BOOKS DAYS FREE 


McGraw-Hill Book Co., Dept. EXM-10 


| Send me book(s) checked below for 10 days’ ex- | 
amination on approval. In 10 days I will remit for | 
book(s) I keep plus few cents for delivery costs 
and return unwanted book(s) postpaid. (We pay | 

| delivery cost if you remit with this coupon—same 

| return privilege.) | 


| $11.50 


| 0 Timoshenko & Woinowsky-Krieger— 
Theory of Plates and Shells, $15.00 


| O Roark—Formulas For Stress & Strain, $8.25 


| DO Perry & Lissner—Strain Gage Primer, $6.00 
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GENERAL MOTORS 
INSTITUTE 


General Motors Institute Technology 


CONFERENCE IMPROVE 
SCIENCE REPORTING 


The University Texas has re- 
ceived $12,990 National Science 
Foundation grant for conference 
“Mass Communications and Under- 
DeWitt Reddick, School Journal- 
ism director. Preliminary plans call 
for the three-day conference held 
the late Fall. The grant provides 
funds for transportation living 
expenses for participants from 
Southwest news media—newspapers. 
radio and television stations. 

The conference designed bring 
together outstanding scientists and 
those who write and process science 
news for the mass media lay the 
basis for more consistent and accurate 
reporting and “to bring 
about deeper understanding the 
nature science newsmen, and 
acquaint them with the significance 
basic research and the more im- 


FACULTY MEN AID 
EDUCATION INDIA 


Three University Wisconsin 
engineering teacher-researchers are 
spending the 1961-62 school year 
India continuing help improve the 
engineering colleges that nation. 

The three Wisconsin professors are 
Benedict, electrical engineering; 
Gilpin, mechanical engineer- 
ing; and Gerald Pickett, engineering 
mechanics. 

The engineering faculty members 
are among seven from leading American 
universities who have been selected 
serve under the International Co- 
operation 
Engineering Educational Project 
India. 


The program was inaugurated 
State Department. Funds for the 
entire project are supplied the 
federal government. 


TEACHERS’ SCIENCE COURSES 
HELD 


Through the award National 
Science Foundation grant, high 
school teachers studied mathematics 
and physics summer course 
study Illinois Institute Tech- 
nology. 

The course, brought about 
growing concern over the quality 
instruction mathematics and science, 
was aimed revitalizing those fields 
study. More than the in- 
structors enrolled came from Chicago 
area high schools. Others came from 
schools located across the country. 

stitute’s director, Haim Reingold, pro- 
fessor and chairman the IIT mathe- 
matics department, the eight-week 
program had threefold purpose: 
generate higher levels mathematics 
and science teaching the secondary 
schools; develop increased teacher 
competence; aid teachers at- 
taining additional levels qualifica- 
tion. 

Dr. Reingold also stated that the 
mathematics and physics programs, 
which were first offered 1959, were 
expanded 1960 and again this year, 
that both former and new partici- 
pants were accommodated. 


CORNELL GETS 
LARGE FORD GRANT 
grant $4,350,000 has been 


made the Ford Foundation 
Cornell University further 


strengthen graduate study and research 


the College Engineering, was 
announced today. 

The grant will contribute toward 
the endowment professorships. 
will also help provide substantial 
graduate fellowships and lcan assist- 
ance, additional facilities for study 
and research, and will make other funds 
available for special purposes the 
College Engineering. 

The grant will cover period 
years. While the funds, and 
additional support which the Univer- 
sity will seek matching basis from 
its alumni and other friends, will 
confined the College Engineering, 
they are expected have their effect 
across the entire Cornell campus. 


MUSCLES RADIO 


project the Engineering De- 
sign Center, Case Institute Technol- 
ogy, concerns the development mi- 
nute wireless unit which may im- 
planted muscle and supplant the 
present wired techniques measuring 
the electricity developed muscle. 
This micro-miniaturized unit will trans- 
mit muscle behavior radio waves 
which can detected with conven- 
iently located receiver, inches few 
hundred feet away. The device will 
first implanted animal muscle 
tissue for very long periods time. 
can powered either the elec- 
tricity produced the muscles them- 
selves from external radio source. 
Eventually hoped that, external 
radio controls, the muscle may acti- 
vated. 


ADMIRAL BURKE HONORS 
FORMER TEACHER 


Admiral Arleigh Burke, former 
Chief Naval Operations, nominated 
one his former instructors share 
the Golden Key Award with him. 

dramatize the importance 
the teacher the national life, the 
Golden Keys are presented each year 
outstanding citizen and the 
teacher this person feels most decisively 
influenced his career. 

The 1961 winner was Admiral 
Burke who received the honor for con- 
tributing significantly the national 
welfare and especially for his role 
development the Polaris Fleet 
Ballistic Missile Weapons System. 
selecting his former teacher, Dean 
Warren McCabe the Polytechnic 
Institute Brooklyn, Y., Admiral 
Burke said: 

“Among the many things which 
impressed were your high standards 
and your insistence students meet- 
ing those high standards. This in- 
sistence high performance duty 
done just well possibly can.” 
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PHOTOELASTIC POLARISCOPES 


BOX 207 
WEST CHESTER 
PENNSYLVANIA 


CHAPMAN LABORATORIES 
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Photoelastic and Strain-gage Investigation 


Penetration Thin Plates 


Object investigation observe the propagation fringe patterns thin plates produced 
the central normal impact and penetration conical- and flat-pointed projectiles 


Goldsmith and Dabaghian 


experimental investigation the central 
normal impact and penetration plates Columbia 
Resin No. 39, simply supported the corners, was con- 
ducted using both photoelastic and strain-gage techniques. 
Both conically-pointed and blunt-nosed steel projectiles 
diam were employed initial velocities ranging 
from 191 272 fps. Sequences fringe photographs 
were obtained repeating shots different plates, 
using various predetermined time intervals between 
impact and photograph. dynamic value Young’s 
modulus has been calculated from the velocity propa- 
gation tension waves, and strain-optic coefficient 
398 microinches per fringe for the material was deter- 
mined from quasi-static test. Both fringe order and 
strain histories for various impact conditions have been 
ascertained and are compared. 


List Symbols 


limiting velocity expansion waves plates. 
Young’s modulus. 

Poisson’s ratio. 

mass density. 

wave length fundamental component 
loading pulse. 

period fundamental component loading 
pulse. 

circumferential normal strain. 

radial normal strain. 

circumferential normal stress. 

radial normal stress. 


Cplate 


Introduction 


number investigators have recently studied the 
behavior photoelastic materials under dynamic 
loading means streak high- 
speed framing cameras and spark 
and the use low-modulus materials which permit 
the recording the event means cameras 
operating rates the order 10,000 frames per 
addition has been found possible 
use the technique repeatability for the investiga- 
tion such phenomena under nondestructive 
The present study concerned 
with the application the repeated-event method 
tests which the model destroyed. The 
material selected for this investigation was Columbia 
Resin No. 39, which was employed because its 


W. Goldsmith and L. Dabaghian are associated with the University of Cali- 
fornia, Berkelzy, Calif. 

Paper was presented at 1961 SESA Spring Meeting held in Philadelphia, 
Pa., on May 10-12. 


ready availability, good machining properties, fine 
surface finish and sizable history previous 
calibrations under static and dynamic conditions. 

The object this investigation was the observa- 
tion the propagation fringe patterns thin 
plates produced the central normal impact and 
penetration conical and flat-pointed projectiles. 
addition, comparison the photoelastic data 
with strain-gage information was effected. all 
cases, the plates were completely destroyed either 
shattering complete perforation their 
centers. 


Apparatus and Procedure 


The experimental setup sketched Fig. 
The major components the equipment include 
air gun for firing the projectile, commercial 
polariscope with 8-in. diam field used conjunc- 
tion with blue filter which passes band-width 
light peaking 4800 microflash unit with 


IMPACT MONITOR 
MONITOR 


MICRO FLASH TRIGGER SIGNAL 


CHANNEL A 


MICRO FLASH CHANNEL 
FLASH CATHODE RAY 
PICKUP OSCILLOSCOPE 


BLUE FILTER- MONITOR SIGNAL 
POLARIZER 
PROJECTILE 
POSITION 
MODEL 


WAVE PLATE 


TIME DELAY 
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CAMERA 
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duration about 1.8 microseconds, press- 
type camera with f/4.7 lens utilizing film with 
ASA rating 1600, and oscilloscope with built- 
time-delay unit possessing band pass about 
megacycle for recording the strain-gage information. 
The photoelastic models were in. plates 
CR-39, '/s-in. thick, simply supported the 
corners, and placed exactly in. from the muzzle 
the gun. novel feature the present arrange- 
ment consisted the parallelism the optical and 
the ballistic axes. shown the diagram, this 
was achieved deviating the light path with two 
front-plated mirrors which were notched 
clear the gun barrel and the bullet after its passage 
through the specimen. 

Figure indicates schematically the impact con- 
ditions and the locations strain gages well 
the geometry the two types oil-hardened steel 
bullets employed the tests. The strain gages 
were employed pairs, mounted parallel opposite 
faces the plate, and oriented either radially 
tangentially shown the arrows the diagram. 
The maximum impact velocity achieved for the 
projectiles was approximately 270 ft/sec. The 
instant impact was monitored photomulti- 
plier unit which detected the traverse the base 
the bullet across 0.003-in. transverse slit located 
near the muzzle. The previous arrival the nose 
the bullet the same slit was employed 
trigger the microflash through adjustable time- 
delay generator. With this arrangement, was 
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possible flash the light source the instant 
impact any subsequent predetermined time 
spite inherent time delay microseconds 
the flash unit. The precise occurrence this 
flash was separately observed second photocell 
and was recorded, along with the signal from the 
triggered the pulse produced the nose the 
bullet. This trigger also initiated the sweep the 
strain-gage oscilloscope. The muzzle velocity 
the bullet was determined within error about 
from the time required for the bullet pass 
across the above-mentioned slit. 

Strain gages, when employed, were connected 
Wheatstone bridge such manner cancel 
either the tensile the bending components the 
The strains measured these two cases 
will designated the terms and 
ing,” respectively. transducers were Baldwin 
SR-4 Type A-8 gages energized dc. 

The photoelastic material was calibrated 
testing machine under pure tension strain rate 
dynamic calibration procedure originated 
this quasi-static test, simultaneous records were 
obtained the signal from strain gages mounted 
the specimen and the output simple elec- 
tronic fringe counter. 

The following sequences tests were conducted: 


: 


Fig. fringe pattern thick CR-39 
plate due central impact conical-pointed bullet strik- 
ing with initial velocity 265 ft./sec. Time after impact: 
microseconds 


/ 
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Plate thickness: in.; conical-nosed bullet; 
initial velocity about 263 

initial velocity about 272 

Plate thickness: in.; conical-nosed bullet; 
initial velocities about 269, 236 and 190 ft/sec. 


time delays were obtained for each sequence. 
The first series experiments was also instrumented 
with strain gages located the positions and 
shown Fig. 


Results and Discussion 


Two typical fringe photographs from sequence 
14, ranging from 418 microseconds after im- 
pact, are reproduced Figs. and 4a. These 
represent conditions thick plate and 
microseconds, respectively, after the central 
collision conical-pointed bullet having initial 
velocity 265 ft/sec. The projectile strikes the 
model the intersection two diagonals marked 
the distal face the plate, and the grid evidence 
the picture the silhouette wire screen placed 
behind the specimen. The clearance hole the 


Fig. fringe pattern thick CR-39 
plate due central impact conical-pointed bullet strik- 
ing with initial velocity 265 ft./sec. Time after impact: 
microseconds 


mirror and the limits the field the microflash 
can also readily observed. The axes polariza- 
tion were set produce light field, and conse- 
quently the dark bands the figure represent 
half-order fringes. 

this particular sequence, the earliest fringe 
order one-half, representing difference principal 
stresses 250 was observed microseconds 
after initial contact. microseconds, Fig. 
five fringes are clearly distinguishable; the original 
circular shape these fringes has, however, been 
distorted, possibly due coupling wave effects not 
detectable with the present arrangement. this 
instant, the distal face the plate has spalled, but 
the radial cracks have not yet propagated into the 
plate any noticeable degree. subsequent 
times, such shown Fig. 4a, these radial cracks 
can observed during the process propagation. 
The existence high fringe orders the tips 
these cracks and the highly stressed regions between 
the cracks are also evident. Furthermore, the 
entire boundary has now been subjected stress 
and, consequently, subsequent photographs indicate 
stress patterns complicated reflections from the 
plate edge. 

The isochromatic fringe patterns close the tip 
the cracks, shown Fig. are quite similar 
those predicted Williams" theoretical analy- 
sis the stress distribution the base stationary 
crack. While most the patterns indicated appear 
those symmetric distribution, indicating 
that the region near the crack tip state 
uniform circumferential tension, least one anti- 
symmetric pattern evident just below the horizon- 
tal crack through the impact center. (See enlarge- 
ment Fig. 4a.) Fringe orders high 13/2 


(about 3300 principal stress difference) have 
been observed the tips propagating cracks. 


Fig. area cracks Fig. 4(a) 
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Fig. 5—Strain-gage records the incident pulse 
thick CR-39 plate due the impact conical-pointed bul- 
let with initial velocity 265 ft/sec.: (a) Circumferential 
normal components stations Aand (b) Radial bending 
components stations Aand Arrows records denote 
beginning impact. Noise base line for records (a) due 
manner triggering 
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TIME, MICROSECONDS 


Fig. 6—Fringe radii function time due the impact 
conical-pointed bullet against '/,-in. thick CR-39 plate 
initial velocity 265 ft/sec. 


Similar fringe photographs with the blunt-nosed 
projectile plate show the greater abrupt- 
ness this form loading. Several perfectly cir- 
cular fringes were already evident microseconds 
after impact, and microseconds, fringes 
order 13/2, corresponding 6500 principal 
stress difference, could observed. 

Figure shows two pairs strain-gage records, 
each pair having been recorded simultaneously 
during the collision conical-pointed bullet with 
thick plate, initial velocity 265 
ft/sec. Part (a) this photograph represents data 
from set strain gages located and in., 
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INCHES PER MICROSECOND 


FRINGE VELOCITY, 


FRINGE ORDER 


Fig. 7—Fringe velocity vs. fringe order for various impact 
conditions. Fringe order plotted for the '/;-in. plates twice 
the actual value observed correspond the fringe 
order for the same strain level the plates 


respectively, from the impact center, (i.e., stations 
bending components the pulse, thus indicating 
only the average circumferential normal strain 
each station. immediately evident that con- 
siderable dispersion occurs the propagation the 
pulse between the stations. The first two peaks 
these photographs appearing part the main 
pulse are consistent feature all data this type, 
while the third peak random phenomenon. 
Part (b) Fiz. shows corresponding set strain- 
gage records the same stations arranged 
record only radial bending the plate. The dis- 
persive features this pulse are likewise clearly 
evident. can also concluded that bending 
the dominant factor the phenomenon, since the 
bending strains exceed twice the value the cir- 
cumferential normal strains. 

Figure shows the radii fringes various orders 
against the time after impact for plates sub- 
jected conical-pointed impact 265 ft/sec. 
The apparent time delay this diagram the 
result the slow rise the loading pulse during the 
initial penetration the conical-pointed bullets. 
This time delay sharply reduced the case the 
blunt-nosed bullets due the much greater loading 
rate, but otherwise the plots differ only small 
detail. may noted Fig. that the fringes 
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Fig. 8—Fringe-order histories stations and for CR-39 plates for various impact conditions: 
(a) thick plate, conical-pointed bullet, initial velocity 265 ft/sec 

(b) thick plate, conical-pointed bullet, initial velocities 265 and 235 ft/sec 

(c) '/s-in. thick plate, blunt-nosed bullet, initial velocity 271 ft/sec 


expanding from the impact point have been com- 
paratively unaffected the boundaries before about 
100 microseconds after contact. The velocities 
propagation these fringes prior this time have 
been tabulated this diagram. The time spread 
between the initiation these fringes the same 
order magnitude the rise time the tensile 
pulse measured the strain gages. The gages 
also substantiate the delay before this rise com- 
mences. 

The effects plate thickness, impact velocity and 
the rise time the pulse the velocity propaga- 
tion the fringes are shown Fig. this 
plot, the fringe orders observed the plates 
have been taken the basis comparison; conse- 
quently, the double magnitude the fringe order 
occurring the plates has been plotted 
the equivalent fringe order for the plates. 
may noted that more abrupt impacts achieved 


either means higher velocities the use 
blunt-nosed projectiles result higher fringe veloc- 
ities. particular interest the effect for increas- 
ing plate thickness the otherwise identical runs 
conical-pointed shots impact velocity 265 
ft/sec. The plate, being considerably stiffer 
than the '/;-in. plate, yields considerably less the 
bullet resulting shorter penetration time, 
more abrupt loading and faster fringe speeds. 

Figure shows three sets fringe-order histories 
stations and the plate, where strain gages 
were also located, for the various data sequences. 
The difference rise time the pulse between 
blunt-nosed and conical-nosed bullets clearly 
demonstrated. The double peaking the pulse, 
mentioned earlier connection with the strain-gage 
data, evident all fringe plots exhibiting 
sufficiently rapid rise time. 

order convert the fringe information 
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Fig. circumferential and radial strains '/;- 
plate due the impact conical-pointed bullet 
striking with initial velocity 265 ft/sec 


strain and subsequently stress, necessary 
ascertain the strain-optic coefficient and then the 
dynamic modulus elasticity the photoelastic 
material. has published dynamic cali- 
bration Columbia Resin No. which indicates 
variation only about the average value 
the longitudinal strain per fringe per inch thickness, 
260 in./fringe, for effective loading times 
ranging from sec, using light peaking 
wave length 5448 Goldsmith and 
obtained corresponding value 265 10~ in. 
fringe for this parameter for light peaking wave 
348 for this quantity both under static and 
dynamic conditions with monochromatic light 
5461 wave length and reported static and 
dynamic value 0.44 for Poisson’s ratio. The 
present investigation, 4800 yields quasi- 
static value 277 10~ in./fringe for the longi- 
tudinal unit strain per fringe. 

order determine the dynamic modulus 
elasticity the material under plate impact condi- 
tions, the velocities propagation the leading 
edges both the normal and the bending components 
the pulse were calculated from strain-gage records 
the type shown Fig. Fig. the normal 
components incident pulse from repetitive 
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2000 


1000 


DIMENSIONLESS NORMAL STRESS 


TIME, MICROSECONDS 


RADIAL STRESS 


plate due the impact conical-pointed bullet striking 
with initial velocity 265 ft/sec 


shots under the same conditions have been replotted 
with the time origin the instant impact. 
assumed that these are principal strains since the 
gages are located axis symmetry the 
model and along ray the wave. Table 
summarizes this information for data similar this 
diagrarn taken from number tests. Table 
presents corresponding data for the bending wave. 
These results are further indications the highly 
dispersive characteristics both 
For the case expansion waves thin plate, has 
been that, for the limiting case infinite 
wave length, the group and phase velocities are 
both given 


Cplate = (1) 
— p’) 


TABLE 1—VELOCITY PROPAGATION COMPONENTS 
THE NORMAL PULSE DETERMINED FROM STRAIN- 
GAGE RECORDS 
in./microsecond 


Head pulse 0.0680 
First peak 0.0462 
Second peak 0.0217 
Third peak (when present) 0.0169 
Tail pulse (estimated) 0.0157 


2500 
2500 
1500 
1000 
he €gat B 
500 
1000 


4000 


FRINGE 


MICROINCHES/ INCH 


PRINCIPAL STRESS DIFFERENCE 
FRINGE ORDER 


100 150 200 
TIME, MICROSECONDS 


Fig. principal normal strain difference 
and fringe order stations and thick plate 
due the impact conical-pointed bullet striking with 
velocity 265 ft/sec 


where and are the dynamic values the modulus 
elasticity and Poisson’s ratio the material, 
and pisitsdensity. Using the value 0.068 in. per 
microsecond, corresponding the head the pulse, 
weight density 0.0472 (Ref. 11) and Sutton’s 
value 0.44 for Poisson’s ratio, (1) yields 
dynamic value 455,000 This magni- 
tude presumably valid for the period the longest 
component the extensional pulse which has been 
estimated 168 microseconds, corresponding 
rise time about microseconds. 

comparison the wave length the fundamen- 
tal component the loading pulse the plate 
thickness for these experiments can effected and 
will indicate whether not the assumption that the 
plate velocity governs the rate propagation 
the head the pulse valid one. This wave 
length can expressed 


cordingly, 11.4 in., approximately times 
larger than the maximum plate thickness employed 
the tests. comparison the dispersion spec- 
trum for plate with this wave shows that 
both group and phase velocity exceed 0.96 for 
ratios plate thickness wave length less than 
0.1, which corresponds the domain the first 
five harmonics the main pulse. Since these com- 
ponents carry approximately the energy, the 
above assumption justified. 

comparison the calibration results for Colum- 
bia Resin No. various investigators presented 


TABLE 2—VELOCITY PROPAGATION 
COMPONENTS THE BENDING PULSE 


in./microsecond 


Head pulse 0.0380 
Main peak pulse 0.0146 


Table The strain-optic coefficients reported 
represent the longitudinal unit strain per fringe 
multiplied the factor convert from the 
reported test conditions condition corresponding 
plane stress, after All information 
this table has been corrected uniform wave 
length 4800 and presented terms the same 
units. 

Fig. 10, the principal strain histories shown 
Fig. have been converted principal stress his- 
tories dimensionless basis, using 
stress equations. This information may readily 
translated actual stress values applying the 
dynamic modulus elasticity, 455,000 
determined for the present conditions. may 
observed that the initial stages the pulse, the 
large value Poisson’s ratio for the photoelastic 
specimen produces tensile radial stress spite 
state compressive radial strain. 

The comparative plot strain gage and photo- 
elastic data, Fig. 11, constructed from the informa- 
tion presented Figs. and illustrates the re- 
markable agreement between the shapes the fringe- 
order pulses principal strain differences sta- 
tions dynamic value the strain-optic 
coefficient can now calculated for the 
model. Approximately fringe order station 
corresponds 3940 microinches per in. strain 
difference; consequently, the strain-optic coefficient 
derived 219 microinches per fringe. station 
value 200 microinches per fringe obtained. 
These values not, however, agree with the strain- 
optic coefficients presented Table thus, pre- 
sumably, the plane stress conditions and the absence 


TABLE 3—CALIBRATION CONSTANTS FOR 

COLUMBIA RESIN NO. 39* 

Norris!! Clark!2 Sutton!’ Present tests 


291.000 
dynamic, 
Ib/in.? 612,000 
Strain-optic co- 
efficient, 
croinches/ 
thickness, 
static and dy- 
namic 381 355 306 


Stress-optic co- 
efficient, 
in. thickness, 
static 77.0 68.7§ 79.8 80.6 


Stress-optic co- 
efficient, 
in. thickness, 
dynamic 162.0 104.1 108.3 126.2 


All dynamic values apply loading with rise times 
microseconds, except as noted. 

6000 cps loading frequency. 

103 sec loading time. 

quasi-static, 2.7 loading rate. 


275 ,000 376,000 


510,000; 
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ential amplifier. 


out-of-plane bending postulated the determina- 
tion these quantities were not completely realized 
the present experiments. 
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Discussion 
Tatro 


This discussion defense Dr. Goldsmith’s 
use four-arm bridges, opposed half-bridges 
potentiometer circuits, his work plastic wave 
propagation. equally applicable all those 
measurements made with strain gages that involve 
high-speed transient strain pulses. 

strong argument for the four-arm bridge under 
these circumstances can made high-gain, low- 
noise, differential amplifier used sense the 
bridge output. low inherent noise level neces- 
sary because one must adinit that the strain gage 
produces comparatively low-level input signal. 
One may argue that not the magnitude the 
signal alone that important, but rather how well 
the strain signal can distinguished 
noise accompanying it. The merit the four-arm 
bridge that affords two completely symmetrical 
attachment points for the two inputs the differ- 
Such symmetry quite convenient, 
though not essential, when the differential amplifier 
used. The potentiometer circuit affords such 
symmetry, making the differential feature more 
difficult utilize. 

The most bothersome and persistent noise com- 
ponent laboratory setups not the inherent 
electronic noise the amplifier, but rather the 60- 
cycle pickup from power lines the vicinity 
the apparatus. With reasonable 
dures, and view necessary compromises having 
with other apparatus components, level 
60-cycle voltage often encountered about one milli- 
volt referred input. Several excellent differential 
amplifiers are available the market with inherent 
noise levels less referred input and re- 
jection capability for in-phase-signals 10,000-to-1. 
These amplifiers have all the frequency response one 
can use with confidence when strain gages are em- 
ployed sensing elements. 


C. A. Tatro is Associate Professor of Applied Mechanics, Michigan State 
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One might argue that 60-cycle pickup bother- 
some measuring system then has not been 
properly designed. not all persons in- 
terested transient strain measurement are en- 
thusiastic about expending time and effort learn 
the subleties design against such pickup. They 
would well consider the differential amplifier 
sophisticated and universal solution when strain 
gages are used for such measurement. 

The strain-gage bridge need not have equal re- 
sistance arms achieve the symmetry necessary 
utilize the differential amplifier. Computing cir- 
cuitry for the bridge with unequal arms more 
difficult than with the potentiometer circuit. 
matter fact, the relation between strain-related 
output voltage and strain can written the same 
for both circuits, namely 


where the number that multiplies the gage resist- 
ance give the ballast resistance resistances, 
gage factor, and the other symbols have their usual 
meanings. 

Simple filtering techniques satisfactory for steady- 
state dynamic-strain measurement utilizing poten- 
tiometer circuit appear unsatisfactory for the 
above stated measuring methods. The simplest 
technique replace the ballast resistor with 
inductance. But since the bridge would operated 
with dynamic strain most the time, bridge 
power would have reduced prohibit gage 
burn-out. The problem transient response 
actual inductance transient strain pulse po- 
tentially serious well. Beyond using simple block- 
ing capacitances eliminate d-c components the 
bridge output, there appears simplification 
achievable from replacing resistances a-c circuit 
components. separate wave filter would ex- 
pensive buy difficult build and would con- 
stitute poor solution the problem. 
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Equiangular Rosette-type Extensometer 


extensometer consisting three parallel and equidistant legs, 
flexibly connected central part and supplied with sharp indentors, used 
author measure strains three directions simultaneously 


complete determination the state 
necessary measure the strain three directions. 
This usually made means strain rosettes the 
bonded resistance-wire type. this paper, new type 
extensometer described which capable measuring 
the strains three directions simultaneously. 

The extensometer consists three parallel and equi- 
distant legs which are flexibly connected central part 
and supplied with sharp indentors. The change dis- 
tances between equivalent points these legs propor- 
tional the surface strains. Unbonded resistance wires 
reluctance gages have been used for converting the 
displacements into electrical signals. Attachment 
achieved means permanent magnets rubber 
cups. 

Restoring forces from flexible connections and strained 
wires are analyzed detail. For extensometer with 
gage length and supplied with strained wires, 
these forces were found for principal strain 
sum 0.001 and for principal strain difference 
When using reluctance gages, these figures are 
reduced 5.8 and respectively. 


Introduction 


equiangular rosette-type extensometer for rapid 
determination complex strain fields 
developed. According Fig. the extensom- 
eter consists three parallel and equidistant legs 
(1) with lower ends supplied with sharp indentors 
leg attached central part (3) 
means two leaf-spring shaped connections (4), 
which provide angular flexibility, that, when 
strain occurs, each leg can perform angular de- 
flection plane containing the axis the leg and 
central axis the extensometer, shown the 
dotted lines Fig. The change distances be- 
tween equivalent points the axes the three 
legs then proportional the change distances 
between the three indentors and the distance from 
the flexible connection the points question. 

The following well-known formulas relate the 
strains and the three directions with the 
principal strains and the surface: 


Sverker Sjostrém Technical Director, Scania-Vabis Truck and Bus Co., 
Sodertalje, Sweden. 


Paper was presented by title at 1958 SESA Spring Meeting held in Cleve- 
land, Ohio, on May 14-16. 
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Fig. 1—Mechanical design extensometer 
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wires 


Fig. 3—Extensometer with reluctance gages 


where the angle between the and 

Two different principles have been used for de- 
termining the change distance. The first utilizes 
the unbonded wire-strain-gage technique. Between 
each pair legs, wires are attached both sides of, 
and equal distance from, the flexible support 
(Fig. this way, half Wheatstone bridge 
formed for each the three directions. second 


method determining the change distance utilizes 
the change inductance iron-core coil, the air 
gap which varied proportionally the change 
distance according Fig. 

Owing its three legs with indentors, the ex- 


Fig. 4—Deflections and forces the indenters 


tensometer very stable relation attaching 
forces. therefore easy attach the gage 
test surfaces different shapes. When measure- 
ments are made steel, permanent magnets and 
rubber strings can used for attaching the gage; 
when measurements are made nonmagnetic mate- 
rials, the magnets could replaced rubber cups. 
Under certain conditions, which will examined 
more detail below, possible use only 
central permanent magnet with air gap for holding 
the extensometer the test surface. 


Restoring and Attaching Forces 


The indentors have transfer the movements 
due strain the test surface the legs. The legs 
exhibit certain resistance against these movements 
partly due the flexible connections between legs 
and central part and partly due the strained wires. 
The relation between the deflections the test 
surface and 6.. and the strains the same 
surface follows (Fig. 4): 


s 


s 
= = (€ + (2) 


where gage length. denote the spring 
constant flexible connection the restoring 
force direction due this connection 


Similar expressions hold for and 

the case strained wires sensing elements, 
there are also restoring forces from these wires. 
have groups wires between each pair legs 
with modulus elasticity and area which are 
symmetrically located distance from the 
flexible connections according Fig. get the 
following expression for the restoring force direc- 
tion 


Fig. 2—Extensometer with strained wires 


Fig. 5—-Left: extensometer with reluctance gages. 


where the distance between the center the 
flexible connection and the test surface. Similar 
expressions are valid for P,. and Now there 
are also transverse forces and which 
are found from equilibrium considerations. 

The expression for becomes 


(5) 


Substituting the expressions for P., and ac- 
cording (3) this equation gives 


Equations (4) and (6) determine the total frictional 
force acting between the indentor and the test sur- 


face. eqs (1) are solved with respect and 
get 

= ! »(€ + €) + €) cos 

e = + e) + — €) COS 2( 1/37) 


means eqs (7) the expressions for and 
then become 


= —(a + '/28)(a — e) sin (2¢a — '/37) (8) 
where the abbreviations 


have been used. 
The maximum value for the resultant the forces 
and easily found from (8): 


Right: extensometer with strained wires 


For the extensometer shown the right Fig. 
the gage length and the spring constant 

Furthermore there are wires each group with 
6800 and the ratio d/h 0.432. This 

The maximum restoring force due principal 
strain sum 0.001 becomes and the maximum 
restoring force due principal strain difference 
0.001 

the wires are replaced reluctance gages (to 
the left Fig. 5), can neglected and get 
5.8 for principal strain sum 0.001 and 
for principal strain difference 0.001. 

The maximum forces are thus reduced factor 
between 3.7 and 1.7. possible reduce the 
forces even more making the flexible connection 
thinner. 

The most severe case occurs when the extensometer 
attached vertical surface. the extensom- 
eter located that the measuring triangle points 
downward with one side horizontal, the attaching 
force the two upper indentors reduced accord- 
ing 


Pi — w 1 
where 
attaching force indentor 
total magnetic force 
force due weight extensometer 
distance from test surface center gravity 


extensometer 


the case the above-mentioned extensometer 
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Fig. 6—Magnetic attaching forces 


with strained wires sensing elements, the central 
alnico magnet had diameter and length 
The attaching force P,, 120 for 
air gap 0.25 according Fig. and the weight 
Witharatioc/s 1.40, the attaching force 

this case, extra magnets according Fig. 
have used. For extensometer with the 
wires replaced reluctance gages, the ratio c/s 
and the weight could reduced 1.17 and 

this latter case, the central magnet with air gep 
0.25 gave good attachment test bar (H, 
330) for strains about 0.0012 when was 
used upside down. The indentors were made 
sintered carbide alloy. 


Response and Testing Technique 


The extensometers described have been calibrated 
test bar bending, for all three directions, and 
both types exhibit good linearity the range in- 
vestigated, can seen from Figs. and The 
appropriate circuit diagrams are shown Fig. 10. 
For the extensometer with strained wires, the sensi- 
tivities for the three directions differed very little 
and were unaffected time and the manner at- 
tachment. Provided attaching forces are sufficient 
that slip occurs and that strains are held within 
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Fig. extensometer with strained wires 
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Fig. extensometer with reluctance gages 


Fig. 9—Measuring technique for uneven stress distribution 
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Fig. diagrams. Left: extensometer with strained wires. Right: extensometer with reluctance gages 


safe limits for the resistance wires, the accuracy 
the extensometer comparable with ordinary re- 
sistance-wire strain gages with temperature com- 
pensation. 

For the extensometer with reluctance gages, 
was more difficult get the same sensitivity all 
three directions and certain amount zero drift 
could not eliminated. Furthermore, attachments 
must made more carefully order toavoid changes 
sensitivity. This explained the unbalanced 
design the reluctance gages The 
reluctance gage could improved two coils were 
used instead one that, when strain occurs, the 
air gap one coil increases while the air gap the 
other coil decreasing. advantage the re- 
luctance-gage extensometer, compared with the re- 
sistance-wire extensometer, that much larger 
strains can applied without damage the gages. 

order check the cross sensitivity, the response 
the direction forming angle deg with the 
longitudinal direction the test bar was determined. 
this case the stress uniaxial, have for the 
deg direction 


From this formula, Poisson’s ratio was determined 
and was found 0.28 when using the extensometer 
with strained wires and 0.25 when using the ex- 
tensometer with inductance gages. According 
published results, Poisson’s ratio for hot-rolled steel 
close 0.25.* 


technique has been used together with these 
extensometers which proved very useful for rapid 
complex structures. The structure 
was subjected slowly pulsating load means 
hydraulic jacks and oil pump with solenoid 
valves. special gage for controlling the load was 
also included. When four recording potentiometers 
were used, the simultaneous values the strains 
the three directions and the force were obtained. 
Owing the cyclic load, always possible 
exercise such control that slip the extensometer 
occurs. 

the case strain fields with uneven strain dis- 
tribution, these extensometers have the merit 
being able measure the mean strains rather 
small areas, explained Fig. 
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Thickness Effects Birefringent Coatings with Radial Symmetry 


Procedure suggested the authors for evaluating surface strain unknown distribution 
long surface curvature known can determined separately 


ABSTRACT—One method determining the strains the 
surface metal part the use birefringent coat- 
ing. Because the thickness the coating, however, 
the observed fringe order depends not only the surface 
strains but also two other factors, namely, the curva- 
ture that the surface undergoes and the variation strain 
across the thickness the coating. These thickness ef- 
fects have already been studied paper dealing with 
one dimensional variations strain. the present 
paper, the solution extended two-dimensional de- 
formation with radial symmetry. experiment de- 
scribed which the surface strains produced the im- 
pact bullet flat plate are determined from the 
birefringence surface coating taking into account the 
effects strain gradients and curvature. The values 
surface strain are compared with measurements made 
means square grid inscribed the metal surface. 
procedure suggested for determining unknown sur- 
face strain having radial symmetry from the total bire- 
fringence the surface coating when the change 
curvature the metal surface under load known can 
determined separately. 


Introduction 


Birefringent coatings are important tool ex- 
perimental stress analysis. method originally 
due who suggested cementing bire- 
fringent coating opaque part and use the 
reflection polariscope determine the surface strain. 
Mesnager’s idea was attempted experimentally, 
particular but was found that ap- 
preciable relative retardation could not produced 
largely because the low sensitivity the materials 
then available. Recently, however, important prac- 
tical developments were made D’Agostino, 
Drucker, Liu and who performed 
extensive study the photoelastic properties 
highly sensitive epoxy resins and employed them 
birefringent coatings. 

The birefringent coating has the obvious ad- 
vantage giving the strain differences over the 
entire metal surface one picture. However, 
pointed out recently one the the 


T. C. Lee, C. Mylonas and -). Duffy are respectively, Research Assistant, 
Professor and Associate Professor, Division of Engineering, Brown Uni- 
versity, Providence, R.1. 

Paper was presented at 1959 SESA Annual Meeting held in Detroit on 
October 21-23. 

The results presented in this paper were obtained in the course of research 
sponsored by the Ballistic Research Laboratories of Aberdeen Proving Ground 
under Contract DA-19-020-ORD-4674. 
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interpretation the fringe pattern presents some 
difficulty since there general variation strain 
across the thickness the coating which will influ- 
ence the observed birefringence. This effect 
particularly pronounced for rapid changes strain 
along the metal surface. addition, any change 
curvature the metal surface also produces fringe 
pattern which must taken into account. 

the present paper, investigation such 
effects made two dimensions when the deforma- 
tions are radially symmetric. illustration, 
experiment described which surface strain 
measured two ways, first means coating 
and then from the deformation surface grid. 
Since the purpose the experiment was study 
thickness effects, the coating used was intentionally 
made 


Determination Displacements the Coating 


When metal surface strained, the birefringent 
coating deforms elastically even the strains the 
metal are permanent. Accordingly, determining 
the state strain the coating problem 
elasticity. Consider infinite adhesive coating 
thickness and suppose that the interface between 
metal and coating the plane cylindrical co- 
ordinate system and that denotes the normal 
this plane (Fig. and the radial 
and normal displacements any point the coat- 
ing, and and the corresponding displace- 
ments the interface coating and metal. 
clear that for radial symmetry, and are functions 
u(r, 

represent the displacement components any point 
the coating subject the boundary conditions 
Wo 


w= 


where and are the stress components 
cylindrical coordinates and where the displacement 
components and are arbitrary functions 
can easily shown (see Appendix), equilibrium 
satisfied 


ak 

“ 
| 
| 
: 
' 
: 


(C—D (4) 


where and are Bessel functions the 
first kind orders zero and one respectively, 
arbitrary constant, and are respectively 
Poisson’s ratio and Young’s modulus the coating 
mined the boundary conditions. The constant 
determines each case the wave length the dis- 
placement, that the location the maximum value 
eqs. (4) and (5) and are proportional 
and respectively. This means that will 
vanish the origin, while will have maximum 
there. Although certain specific applications 
may possible represent the interface displace- 
ment single function this sort, the more 
general case will necessary use number 
perhaps even series Bessel functions varying 
amplitudes and frequencies represent the interface 
displacement. Such representation given fur- 
ther this paper. 

convenient consider the solution two 
parts. the first, the radial strain the interface 
taken zero and the displacement expressed 
terms the Bessel function This allows 
for curvature the interface. the second, the 
interface remains plane and the radial displacement 
expressed the Bessel function The 
complete solution the superposition these two 
parts. 


Radial Strain the Interface 


The boundary conditions are: 


Uo 
Wo 


where arbitrary constant representing the 
maximum normal displacement the interface 
the direction Curvature the surface would 
given the appropriate derivatives 
the basis these boundary conditions and using the 
definition small strain, the constants and 
eqs. (4) and (5) are found 


(8) 


Curvature the Interface 


The boundary conditions are given 


Uy 


(9) 


Cz 


where the magnitude determines the amplitude 
(9) requires that rather than the curva- 
ture vanish the interface. This more conven- 
ient algebraically and imposes requirements only 
rigid body displacements. this instance the 
boundary conditions are satisfied 


D= 


(11) 
Thus (4) and (5) with the constants given (8) 
and (9) constitute the solution for prescribed inter- 
face displacements. 


Arbitrary Radially Symmetric 
Interface Displacements 


useful also present the series expressions 
for displacement the interface varying arbi- 
trarily the radial direction. there radial 
surface strain 


m=1 
and 
u(r,z) 


Ji ( Pom?) Pom? [(Am + By Bn Pomz)ePon? 
(C.. Dy + Dn Pomz)e— Pom?] (13) 


/ 
/ 


Fig. 1—Section coating and metal 
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Fig. 2—Dependence pkF coating thickness 


Fig. 3—Dependence correction factor, 
coating thickness 


w(r,z) 
E J Pom [{Am 2(1 2v)B, + 


(14) 
which the constants C,, and D,, are given 
(8) with replacing and W,, replacing 
The constants depend the interval expan- 
sion and the roots while the constants 
W,,, are chosen that (12) represents the normal 
displacement. Similarly, for curvature the 
interface, the arbitrary surface displacement 
given 


uo (r) = Und (15) 
=1 
then 
J; (Pim?) Pim? [(An + Bn + BmPimz)ePm? 
m=1 
w(r,z) 


E > Dim?) Pim? [{Am 2(1 Bm + 
m=1 


Dimz| ePim? + + 2(1 = 2) D,, + DmPimz\e— Pim?) 

(17) 
where egs (11) provide the values the constants. 
The constants depend the interval expan- 
sion and the roots 


Photoelastic Effect 


The relative retardation wave length over 
light path length given 


where and are the secondary principal strains 
the plane the wavefront and the strain-optical 
coefficient the birefringent medium. the 
present problem the light incident normally the 
plane the interface, that the wavefront 
always parallel the interface and the secondary 
principal strains, and are the radial and circum- 
ferential strains e,, and i.e., the principal strains 
the plane the coating. any position (r, 
the strains e,, and e,, have constant direction across 
the thickness the coating although they vary 
magnitude. Under these circumstances, the total 
photoelastic effect has been shown Mindlin’ 
given with high accuracy the integral (18) 
over the total light path. Since the light crosses the 
coating twice 


or, terms the displacement 
= 2 


For practical purposes, convenient express 
terms the strain and curvature the inter- 
face, i.e., terms 


duy Uo 
and 
dr? 


This may done splitting two parts, that 


N=M+N: =o! - a+ 


9 


which the subscript denotes the part due 
radial strain the interface, and the subscript 
denotes the part due curvature the interface. 

interesting compare the actual relative 
retardation each point with the one which would 
have resulted the strains throughout the coating 
thickness were constant and identical those the 
interface. The actual birefringence can expressed 
terms the fictitious one for strains 
across the thickness the correction 

fou 


and 


Inserting and from eqs (22) and (23) into (21) 
one obtains for the actual relative retardation 
2 duy Uo G d2wy 1 duy 
(24) 


(23) 
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single Bessel function, and respectively, 
the value found inserting from (4) 
into (22) and making use eqs (9) and (11); 
while found from (23) inserting from (4) 
and making use eqs (6) and this way one 
obtains 


and 
for the two correction factors. may noted that 


the expressions (25) and (26) for and are the 
same obtained Reference although there they 
represent correction factors for one-dimensional 
variations displacement the interface. The 
curves for and presented this reference are 
reproduced here Figs. and From the second 
eqs (9) and (6) and use recurrence formulas 
for Bessel functions, found 


duy _ 
and 
d2wy 1 dwy =, 


where Bessel’s function the first kind 
the second order. Substituting the above two ex- 
pressions into (24), one obtains 


for the total relative retardation any distance 
from the origin. 

the displacement components the interface 
are expressed Fourier-Bessel series, may 
the basis eqs (15) and (12) and also 
use recurrence formulas for Bessel functions that 


duy Uo 
dr r Un Pind» (Pint) (30) 
m= 
and 


that eqs (22) and (23) give 


m=1 


which F,, given (25) with replacing 
may noted.that the photoelastic effect due 
surface strain alone and that due surface cur- 
vature. case both surface strain and curvature 
are present, the observed fringe order any point 
the coating must the sum and 


Evaluation Unknown Surface Strain 


The problem far considered that predicting 


the fringe order obtained with birefringent coating 
for given strain distribution the interface. 
Actually there greater practical significance the 
inverse problem, namely the determination 
unknown state strain the metal surface from 
study the fringe pattern the coating. This 
problem will now discussed. 

The most general radially symmetrical deforma- 
tion involves both and The fringe pattern 
the coating due the superposed effects these 
last section. order investigate either the sur- 
face strain curvature the interface, the super- 
posed effects must separated. Usually, can 
found direct measurement, and its effect com- 
puted using the present theory, can subtracted 
from the measured values the fringe order 
this way, the photoelastic effect due interface 
curvature can eliminated and the problem re- 
duced the determination the strain the inter- 
face from the photoelastic pattern which produces. 

now assumed that has been determined 
other means and that its photoelastic effect has been 
subtracted from the observed values fringe order. 
shown above (24), the remaining fringe 
order, resulting only from directly proportional 
the difference two principal surface strains, i.e., 
Suppose there some distance beyond which 
vanishes permanently. Then outside the interval 
<r<R can assume that will vanish. 
course, vanishes also and might also 
vanish certain regions within this interval particu- 
immaterial for the present analysis since the only use 
the quantity the interval expansion for 
error long the number terms the series 
sufficiently great. 

known that arbitrary surface displacement 
expressible terms the series, 


m=1 
where now U,, and are unknowns but the interval 
corrected for curvature known for each value 
the <r< will recalled that 
expressible 


2 
(DimkF'm J» (Pint) (32) 
=1 


m 


where the factors can determined 
since they are simply the Fourier-Bessel coefficients 
for the expansion representing the fringe order 
this interval. But the interval expansion 
determines also the factors even though the ex- 
pansion for not known, through the relation 


= 


where are the roots arranged ascending 
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order. Knowing the corresponding correction 
factors can found from (25). Since the 
entire factor has been determined and 
the separate values and are known, the 
values can found simple division. 
each term (32) known and thus es- 
tablished the basis the corrected photoelastic 
pattern. 

practice, needless say, infinite number 
terms not used. Generally the first few terms 
the series will give good approximation for 
the basis the variation with the strain 
components can calculated from 
Uy 


lo = 


ou 


Jo 


Impact Tests Coated Metal Plate 


illustration, quantitative analysis made 
for some the experimental results impact tests 
obtained Duffy and Mylonas and presented 
thick birefringent coating was applied 
thick 61S-T6 aluminum plate. The impact 
was provided 0.45 caliber bullet fired normally 
the uncoated side the plate that bulge was 
produced the coated face. The coating was 
epoxy resin, Armstrong C-4. According previous 
tests, reference its strain-optical coefficient 
about in./fringe the test temperature 
(250° F). The specimen was kept oil this 
temperature and removed only long enough fire 
the bullet. After impact, photograph was taken 
the fringe pattern (see Fig. and, expected, 
the fringe lines are concentric circles with isotropic 
point the center. The fringe order increases from 
zero the origin about fringes 0.35 in. 
and then decreases again. plotted Fig. 
negative fringe order because corresponds 
compressive strain. 

The normal displacement obtained direct 
measurements after removing the coating plotted 
Fig. found that this displacement which 
vanishes r=0.6 in. can approximated very 
well 

where 

0.0110 in. 

0.0061 in. 

4/in. 

9.2/in. 
This approximation for the normal surface displace- 
ment also plotted Fig. for comparison. 

From (33), the fringe order due 


= [W,G,J2( pur) + W.G.J>2 (Dor) (37) 


which the values and taken from Fig. 
with 0.35 are 0.11 and G.= 0.26. Using 


Fig. 4—Fringe pattern birefringent coating due impact 
.45 bullet aluminum plate. (The diameter 
the outer fringe the pattern shown about The 
aluminum plate measured in. in. and impact was near 
its center.) 


one obtains 
N, = 3.03 J, ( por) + 3.97 J» ( Poo) 


for the fringe order produced solely curvature 
the interface. Since this corresponds extensive 
strain, plotted positive fringe order Fig. 
Subtracting the photoelastic effects i.e., 
from the measured fringe order obtain 
which represents the fringe order the 
radial interface displacement 

outlined above, the surface displacement can 
obtained the basis the fringe pattern given 
N,. before, the value which the fringe 
order will vanish and take this about in. 
Then, since 


Pim 


where are the roots 


3.83/in. 

7.02/in. 

Pis 10.17/in. 
which permit the fringe order represented 
the polynomial 


which the coefficients are 


DukF, U, = 0.00245 in. 
PiwkF.U2 = 0.00166 in. 
Disk = 0.00231 in. 


where can found from using Fig. 
this way one finds 0.0060 in., 0.0033 in., 
0.0044 in., that the radial surface displace- 
ment given 

= pur) + pwr) + ( pisr) (39) 


which plotted Fig. curve The purpose 
the birefringent coating determine the surface 
strains, and and these are now easily 


4 

\ 


evaluated inserting the displacement given 
(39) into values are plotted Fig. 
may noted that and are equal the 
center impact and decrease increases. 
expected, actually becomes negative before 
vanishing permanently. 

interesting also obtain the displacements 
they vary across the thickness the coating and 
thus get picture the deformation. For this 
purpose the values the various coefficients are 
inserted eqs (16) and (17) that and w(r, 


4 
center of 


Distance from 


Approximation 
used for 
-6 4 


N=Observed fringe order 
Fringe order due radial displacement interface 


Fig. 5—Fringe order coating plate struck bullet 


MEASURED FOR THE PLATE WITH 
THE BIREFRINGENT COATING 
APPROXIMATION USED FOR 
MEASURED FOR NO.! GRID PLATE 
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Fig. 6—Variation normal displacement 
interface, with distance from center impact 


can plotted for different values rand This 
done Fig. which represents the actual defor- 
mation the coating, i.e., the superposition the 

check the accuracy the predicted values 
two thick plates 61-ST aluminum were 
prepared engraving one face each square 
grid lines per inch. 0.45 caliber bullet was 
then fired against the opposite face. The displace- 
ments and measured the grid surfaces are 
shown and seen that the measured 
values for all plates are reasonably alike, 
although there are small differences particular 
where the discrepancy about 5%. Fig. 
photoelastically and means the grid. can 
seen, the distances from the origin the points 
corresponding strains are plotted Fig. and, 
might expected, the differences here appear larger. 
These differences, however, are not unnatural two 
separate tests with metal plates from different lots, 


010 
Predicted using present theory plate 
tested 
Measured grid plate) 


Measured grid plate) 
Predicted thickness effects and 
2 curvature 


006 


Radial displacement interface, u,(inches) 


a 4 & 
Distance from center of impact ,r,linches) 


Fig. radial displacement the 
interface, with distance from center impact 
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- .03 


Distance from center impact,r (inches) 


present theory 

predicted neglecting thick- 


Fig. 8—Surface strain aluminum plate struck bullet 
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free surface 


_w, interface 


--- radial displacement 
lines originally 
normal interface 


displacement 
lines originaily 
parallel 


Distance from center impact, (inches) 


coating metal plate bullet (the scale displacements 


five times that the linear dimensions) 


different bullets and unavoidable variations firing 
conditions. course, another possible cause the 
discrepancy may that insufficient number 
terms were taken for the approximations for and 

The purpose the above analysis demon- 
strate how thickness effects can included when 
surface strains are determined use birefringent 
coating. Since there temptation use coatings 
without regard thickness effects, interesting 
see what accuracy results would given the 
present tests the same fringe pattern were thick- 
ness effects entirely disregarded. More specifically, 
what values interface strains and displacements 
would obtained from the fringe pattern Fig. 
supposing this pattern due solely interface strain 
(i.e., assuming interface curvature makes con- 
tribution the observed fringe pattern) and further 
supposing variation strain across the coating 
thickness? This analysis attractive because 
its obvious simplicity. One supposes that the fringe 
order each point the pattern Fig. propor- 
tional the difference principal strains the 
corresponding point the metal surface, that 

which and are known. This differential 
equation subject the boundary condition 
Since known graphically, the equa- 
tion was solved numerically. The resulting values 
the maximum value obtained this way differs 
factor about from the values obtained 
with the grid plates with the analysis which 
includes thickness effects. values the strains 
are also considerably reduced, may seen from 
Fig. course, had thinner coating been 
employed (or had the strain gradients been smaller), 
the discrepancies introduced neglecting thickness 
effects would also have been reduced. For instance, 
may computed that, with coating one tenth 
thick, the discrepancy displacements would 
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reduced about 5%. Needless say the observed 
fringe order also reduced. 


Conclusion 


The results the theoretical investigation pre- 
sented this paper can used for evaluating 
surface strain unknown distribution long 
surface curvature can determined separately. 

Both the theoretical investigation and the experi- 
mental results indicate that the influence either 
the strain gradients the interface the curva- 
ture the interface cannot neglected. For the 
experiment described, disregarding these effects 
produces error factor about the value 
the strain the center impact. 


APPENDIX 
Field Equations Elasticity 


For radially symmetrical deformation, the stress 
equations equilibrium cylindrical coordinates 
are 


where are stress components while 
the strain components are related the radial and 
normal displacements, and 


rr or’ 0a r 
= or Cn = oz + (A.3) 


introducing stress function and denoting 
Laplace’s operator for the radially symmetrical case 
cylindrical coordinates 


4 
u ! | i 
| | 


Love* has shown that equations (A.1) and (A.2) are 
satisfied the stress components are taken 


2 


where satisfies the biharmonic equation 


(A.9) 


Using Hooke’s law and (A.3) together with eqs 
(A.5) (A.8), one finds that the displacement 


The biharmonic (A.9) satisfied combining 
the harmonic functions and 
monic functions where and are 


* See Love, ‘‘The Mathematical Theory of Elasticity,’’ 4th Edition, Cam- 
bridge, 1934, pp. 274-276. 


defined before. Thus, general solution 
(A.9) can expressed the form 


integration determined from the boundary 
conditions the coating. 


(A.12) 
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Discussion 


Zandman 


This paper very pertinent and timely. order 
verify the precision proposed theory, 
often academic value employ physical case 
where the investigated effects are greatly exag- 
gerated. The case presented here this nature, 
and provides elegant corroboration the mathe- 
matical theory. 

order perform the test exaggerated con- 
ditions, the authors analyzed the birefringence 
thick plastic coating bonded aluminum 
61ST6 plate, thick, subjected permanent 
strains striking with 0.45 caliber bullet. The 
test was performed 250° 

Since the photoelastic-coating method used 
extensively for industrial and academic problems, 
worth while show that the same problem can 
solved direct measurements birefringence, 
without introducing any substantial thickness 
effect. 


Zandman Director Basic Research, Instrument Division, The Budd 
Co., Phoenixville, Pa. 


The writer has duplicated the experiment Lee, 
Mylonas and Duffy, using the same type aluminum 
plate and same caliber bullet (but the bullet was 
differently shaped since full data had not been dis- 
closed). However, the test was performed room 
temperature with 0.020-in. thick coating lesser 
sensitivity but higher elongation capability than 
usual commercial coatings. The coating used ex- 
hibited one fringe for 400 microinch/in. strain 
difference per inch thickness. The results are 
shown Fig. D-1. The principal strains were ob- 
method. The maximum strain was 2.0% and the 
strain distribution across the plate was quite similar 
that obtained the experiment Lee, Mylonas 
and Duffy. 

both experiments, the basic wavelength the 
largest strain undulation was the order 1.0 in. 
(0.25 in. for quarter cycle.) Approximate values 
the parameter that characterizes thickness 
effects, are given Table D-1 for the two experi- 
ments. 
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Fig. strains along radius radially 
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plate due bullet impact 


Correction factors and determined the 
theory presented the paper, are also shown 
Table D-1 for the two wave length thickness 
ratios. immediately evident that the required 
corrections are very large for the case which 
thickness effects were intentionally exaggerated, 
whereas only small corrections are required for the 
latter case. 


0.125 55.9 15.4 
97.7 0.8 


has been pointed out recently,* thin coatings 
can always used cases plastic deformation, 
thus minimizing the effect variations 
fringence through the coating thickness. the 
same time, was shown that thickness effect 
exists the case plane-stress elasticity problems. 
real problem where doubt exists, recourse 
always available experimental evaluation the 
thickness effect slicing down the thickness the 
coating increasing the thickness applying 
second coating upon the first. either case, the 
measured birefringence will give the same strain dis- 
tribution when thickness effects are negligible, and 
significantly different distributions when thickness 
effects are significantly large. 

The writer wishes emphasize his appreciation 
the excellent analysis presented Lee, Mylonas and 
Duffy. the same time, the writer desires 
express his view that deleterious thickness effects 
can always detected experimentally and can 
usually the investigator. 

* “The Accuracy of the Birefringent Coating Method for Coatings of Arbi- 


trary Thickness,”’ D. Post and F. Zandman, EXPERIMENTAL MECHANICS, 
1 (1), 21-32 (January 1961). 


Authors’ Closure 


Dr. Zandman should thanked for interesting 
discussion. Although presents confirmation 
our original findings, there are number points 
which require further comment. 

The coating used Dr. Zandman had thick- 
ness inch. This means that the maxi- 
mum observable fringe order his tests was less 
than one fringe. (Maximum fringe order com- 
puted the basis Dr. Zandman’s coefficient and 
with maximum value strain difference given 
his graph: 


in. /fringe 


Hence, not only did Dr. Zandman use oblique inci- 
dence but. addition, had make use some 
sort compensator and thus made point point 
measurements before and after the test and lost the 
most important advantage the birefringent coat- 
ing, namely the fact that provides, single pic- 
ture, measure the strain distribution over the 
entire surface. 

Dr. Zandman says that '/;-in. coating, used 
our tests, exaggerated thickness used only 
for academic purposes. This not quite true. 
First all, this thickness quite commonly used 
many applications. Furthermore, thinner coat- 
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ing will require the use expensive compensating 
photometric equipment order read the low 
fringe orders then obtained. 

There important point connection with 
thickness effects which perhaps needs empha- 
sized. any given test which planned use 
birefringent coatings, one should start obtaining 
estimate anticipated thickness effects. this 
way one knows before starting if, say, coat- 
since this depends not only thickness but also 
the rapidity strain variation and curvature. 
Whether this estimate obtained experimentally 
from theoretical considerations immaterial, 
long good prediction the thickness effect 
established. Having done this, the experimenter 
then has choice. can avoid thickness 
effects using sufficiently thin coating can 
correct for thickness. Undoubtedly, cases will arise 
where the use corrections will necessary simply 
because otherwise the coating would too thin 
give sufficiently high relative retardation. may 
expected that, static tests, this will occur near 
notches and other regions stress concentration. 
any case, the experimenter solid ground only 
when knows ahead time the importance 
thickness his particular test. 
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Experimental Separation Load and Thermal Stresses 


One the three possible methods considered for determining, separately, thermal and load 
stresses structure, from the results strain measurement, found feasible 


possible methods for determining, 
separately, thermal and load stresses structure from 
the results strain measurements are considered. 
shown theoretically that only one these feasible. 
experimental verification the proposed method, 
for temperatures 350° was obtained means 
thermal and load tests flat plate, and through analy- 
sis data obtained other investigators experiments 
box beam. 


List Symbols 

modulus. 

kips. 

coefficient thermal expansior. 
strain produced loads. 


strain produced thermal effects. 


difference between the temperature point and 
the temperature which the thermal strains the 
structure concerned are zero. 


stress. 


Introduction 


the past there has seldom arisen need for de- 
termining separately the stresses induced 
structure loads and thermal effects. However, 
particularly the aircraft field, the scope de- 
velopment has radically changed recent years 
with attention being directed space travel, sat- 
ellites, boost-glide vehicles, skip-glide vehicles, and 
hypersonic aircraft. The common denominator 
all these vehicles speed, and inherent atmos- 
pheric high-speed flight aerodynamic heating. 
Aerodynamic heating causes particular difficulties 
the in-flight measurements the loads air- 
craft structures. Flight-loads groups have been 
using the determine 
flight loads, wherein strain gages are mounted 
various locations the aircraft and the strain 
measurements are then converted, through cal- 
ibration technique, flight-loads measurements. 
the case heated structure, however, the 
strain bridges also respond thermal strains and 


R. A. Thomson and P. L. Vergamini are associated, respectively, with Uni- 
versity of Dayton and University of Dayton Research Institute, Dayton, 
Ohio. 


Paper was presented at 1960 SESA Spring Meeting held in Indianapolis, 


Ind.,on May 18-20. 


the technique produces erroneous results. 
therefore imperative for continued use this tech- 
nique determine only the strain-gage output re- 
sulting from the flight loads, which directly involves 
determination the thermal-stress levels the 
gage locations. Thus both designers 
loads personnel are concerned with the thermal- 
stress problem. 

The analysis the thermal-stress levels air- 
craft structures has followed evolutionary proc- 
ess, speeded somewhat the operation air- 
craft the vicinity nuclear detonations. The 
first step the evolution was analytical treat- 
ment the problem. Elaborate theoretical analyses 
have been developed predict temperature dis- 
tributions and the resulting thermal stress distribu- 
tions structures for various conditions flight. 
The second step the evolution was the construction 
extensive ground testing facilities simulate the 
effects aerodynamic heating aircraft structures. 
The purpose these facilities was verify and 
extend the analytical solutions the thermal- 
stress problem. The third and possibly final phase 
the evolution will the in-flight measurement 
the thermal-stress levels the structure. The 
present study was directed toward this ultimate ob- 
jective. Previous work this has been 
limited the consideration few basic cases 
under simplified conditions loading. 


Theory 


is, course, possible separate thermal and 
load effects measuring each effect the absence 
the other. However, this method presents ex- 
treme difficulty cases such the aerodynamic 
heating aircraft structures. For this reason, this 
study will restricted the consideration meth- 
ods for achieving separation load and thermal 
stresses which occur simultaneously. 

The stress due thermal and load effects 
related the corresponding strain 


for the uniaxial this expression rep- 
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resents Young’s modulus, the strain caused 
the external loads, the thermal strain, 
the coefficient thermal expansion, and 
the difference between the actual temperature and 
that temperature which equal zero. 
will assumed that the best method obtain- 
ing the stress measuring the strain, and that 
this best done means resistance strain gages. 

The problem now reduces that determining 
a(AT) separately. Three 
ities present (a) making measurements 
under conditions constant load but varying 
value AT; making measurements under 
conditions varying load but constant value 
AT; (c) using strain gages different temperature 
sensitivities. 

Considering the first method, let assume that 
possible measure the strain given point 
structure for two different steady-state values 
AT, but under the same external loading con- 
ditions. aircraft structure this could ac- 
complished instrumenting symmetrical locations 
(both wings, for example) and insulating one the 
locations. resistance strain gage, self-compen- 
sated for the material the structure, would meas- 
ure the quantity 


when the temperature change the gage location 
and would measure the quantity 


for temperature change the gage location 
Subtracting (2) from (3) yields 

(ers €7;) [a(AT») a(AT))] = d (4) 


Equation (4) relationship between the differ- 
ence two quantities and gives insight the 
magnitude either quantity. One additional fact 
known, however, 


Thus, were known what manner varies 
with AT. would possible extrapolate curve 
a(AT) vs. back the ordinate and 
thereby determine the position the a(AT) 
point, the ordinate which equal the value 
the load strain. Figure shows this procedure 
carried out for the case which considered 
linear function AT. Solutions from the theory 
elasticity’ indicate that for cases steady heat 
flow, linear function AT, least over 


temperature range which and may con- 


sidered constant. The assumption linearity also 
requires that plastic flow buckling occur the 
structure under consideration. 

can now seen that the second method 
separation proposed above (involving variable 
instead were attempted, would neces- 
and extrapolate the ordinate. Whereas for 
the first method the values and were 
known, for the second method only the difference 
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load strain could obtained and there 
insight the absolute magnitude either 
strain. This renders impossible locate the 
position the ordinate relative and 
the method will not work. Mathematically this 
amounts saying that, for the second method, 
equation equivalent (5) will not available and 
the set equations indeterminate. 

With regard the third method separation, 
let consider the use the same location one 
gage self-compensated for the material which 
mounted and second gage self-compensated for 
quartz, i.e., having zero temperature coefficient. 
Here the first gage would measure the quantity 


for change temperature the gage location 
AT, and the second gage would measure the quantity 


(7) 
Subtracting (6) from (7) yields 
a(AT) (8) 


This would use only for measuring the tem- 
perature change the gage location. 

With regard two-dimensional stress systems, 
can seen from the form the appropriate 
stress-strain that the method proposed above 
for the one-dimensional case also applies the two- 
dimensional one, since the procedure for separation 
may separately applied the readings each 
gage rosette. 


Experiment 


testing program was conducted determine 
what degree accuracy the proposed method could 
used separate thermal and load stresses under 
steady-state conditions. 

24-in. flat plate, instrumented for 
both temperature and strain, shown schematically 
Fig. was subjected various steady-state 
conditions loads and temperatures. Five strain 
gages and seven thermocouples were located across 
the transverse axis symmetry the plate. The 
thermal loading was applied means heaters 
located along the longitudinal edges the plate and 
external tensile loads were applied across the ends 
the plate through thermally insulated friction grips. 
The plate was thus subjected longitudinal loads 
and transverse temperature distributions. The 
gages were located that some the thermal and 
load strains were the same sign, and others 
opposite sign. One test and 
two elevated-temperature tests were conducted 
during each which the load was applied incre- 
mentally from kips after the temperature 
distribution the plate had reached steady-state 
value. The two different elevated-temperature 
tests were accomplished supplying different 
amounts power the edge heaters. The tem- 
perature distributions obtained are shown Fig. 
The ambient-temperature test was accomplished 
applying the loads the unheated plate, and 


TABLE 1—STRAINS OBTAINED FROM 
TEST PLATE FIG. 


b, a,u b, 
in./in in./in in./in. —in./in 
Load 4Ti = = = AT: = 
—166 —362 103 200 
138 —197 226 329 432 
316 176 425 521 637 
561 421 258 691 780 904 
in./in in./in. in./in. in./in 
Load = = = AT: = 
179 374 569 210 200 170 
373 568 770 412 402 386 
646 827 1036 663 660 658 


Gage 
Load a, win./in. b, w in./in. 


kips sez, w. in./in. AT; = 102° F = 224° F 
—47 —170 
165 102 

354 283 182 

613 535 441 


tern — a(ATi). + — a(AT?2). 


was conducted for the purpose obtaining values 
load strain the absence thermal strains 
order allow comparison these values with the 
values load strain obtained the method pro- 
posed above for separation from the thermal strain. 

Table shows reduction the data obtained 
during the tests the heated and unheated plate. 
All strain-gage readings taken elevated tempera- 
tures were corrected accordance with the manu- 
facturer’s calibration curve for the type gage used, 
SR-4 EBDF-13S. order better approximate 
conditions taking data the field, CEC re- 
cording oscillograph rather than the more sensitive 
SR-4 indicator was used monitor all strain-gage 
and thermocouple channels. 

Figure shows the results obtained separating 
the thermal and load strains the linear extrapola- 
tion method outlined above, using the values 
strain from Table The true values de- 
termined from the ambient temperature test, have 
been plotted the ordinate, while each calculated 
value represented the intersection the 
appropriate extrapolated straight line with the 
ordinate. The error the method the difference 
between the two points. can seen that 
error small except low values However, 
the errors for small strains are relatively unimportant 
since interest naturally centered upon regions 
large strain. 

order test the validity the linear-extra- 
polation method under transient temperature con- 
ditions, use was made the results obtained 
Schmit and Williams* who subjected box beam 
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Fig. 4—Separation load and thermal strains extrapolation; flat-plate test 


TABLE 2—THERMAL STRAIN, er, FROM TRANSIENT-HEATING TEST DATA BOX-BEAM STRUCTURE 


Location 1 


30.6 330 24.2 304 0.5 139 
61.0 651 48.4 662 287 —106 
90.3 941 71.0 1002 8.1 436 —148 
117.7 1204 91.4 1317 13.7 582 —188 
147.1 1504 110.6 1614 20.0 729 —221 
174.9 1791 130.0 1929 26.6 874 —248 
201.6 2080 148.7 2231 33.2 1014 —264 
228.0 2381 166.5 2518 40.4 1155 —274 
253.2 2678 183.9 2785 48.0 1303 —278 
276.8 2976 200.0 3022 55.6 1446 —278 


400: 77 
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600: 
200: 
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THERMAL INPUT 


Fig. 5—Strain-gage and thermocouple locations for 
transient-heating tests box beam 


under external load sudden heat input from 
one side, Fig. strain gages and thermo- 
couples were located the positions shown the 
cross-section Fig. Heat was applied for 
sec period, producing maximum value 
equal 277° 

The data obtained Schmit and Williams were 
reduced form convenient for the application 
the linear-extrapolation method, and are shown 
for four representative locations the cross section 
Table Here the value has been 
subtracted from each value strain, valid pro- 
cedure under the assumption constant value 

must now noted that due the short dura- 
tion the heating period, temperature change 
was recorded location although strain occurred 
this location due the thermal effects elsewhere. 
order apply the linear-extrapolation method 
this transient condition, procedure was adopted 
using for the values (4) the readings 
obtained location exposed directly the 
thermal input, instead the location the strain 
gage concerned. 

Figure shows plot the values strain from 
Table for each the four gages vs. from loca- 
tion can seen that linear extrapolation 
through any pair points sufficiently far apart 
produces good approximation the value 
which was equal zero since the beam was sub- 
jected external load. 


Closure 


summary, the experimental results indicate 
that the procedure for experimental separation 
thermal and load strains, and hence stresses, 
outlined eqs (1) through (5) and Fig. valid for 
the types structures tested, least for values 
250° and for both steady-state and 
transient conditions. Further tests are needed 
investigate the validity the method for more 
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Fig. load and thermal strains 
extrapolation; box-beam test 


complicated structures and loading conditions which 
may make difficult meet the conditions imposed 
the theory. The effect larger values 
should also determined, since expected 
that changes the properties the material will 
become significant the temperature change 
sufficiently large. 

should noted that the accuracy the 
method seriously dependent upon the difference 
the two values used. this difference 
small, large errors the value will result from 
small errors the measured strains. 
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Stresses Hollow Hexagons Under External Pressure 


Pressure-loading fixtures are described, experimental corroboration Kawaguchi’s solution 
presented, and typical results for the stresses hollow hexagons under pressure are given 


Flynn 


ABSTRACT—A two-dimensional photoelastic study was 
made the stresses produced regular hexagon with 
central, circular hole when subjected external pressure. 
Four sizes the hole were tested, and three types load- 
ing were used. This paper describes the pressure-loading 
fixtures and the procedure which was used calibrate 
them. experimental confirmation the theoretical 
solution Kawaguchi! given, and typical stress pat- 
terns and boundary stress distributions are included. 


Introduction 


The Aircraft Nuclear Propulsion Department the 
General Electric Co. requested two-dimensional 
photoelastic study the stresses hollow hexa- 
gons under external pressure. The changes the 
stress distribution, produced applying external 
pressure different sides the hexagon and 
varying the size the circular hole, were interest. 

Pressure was applied the model using 
loading device with inflatable rubber tube simi- 
lar the one described Reference novel 
means was developed for changing the arrangement 
the spacers and rubber tubing that, with the 
same basic loading fixture, was possible apply 
uniform pressure two opposite sides the model, 
uniform pressure three sides, uniform external 
pressure. 

theoretical solution for the stresses regular 
polygon with central, circular hole subjected 
internal pressure has been given 
experimental confirmation was obtained for 
Kawaguchi’s numerical results for hexagon, and 
this solution was used calibrate the pressure 
loading fixtures. 

The main objectives this paper are describe 
the pressure-loading fixtures, present experi- 
mental corroboration Kawaguchi’s solution and 
explain its use the calibration the loading 
fixtures, and give typical results for the stresses 
hollow hexagons under external pressure. 


P. D. Flynn was formerly associated with General Engineering Laboratory, 
General Electric Co., Schenectady, N. Y.; is now Associate Professor of 
Mechanics, Illinois Institute of Technology, Chicago, Ill. 
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Test Procedure 


Photoelastic Models 


Four ratios D/W were tested, where the 
diameter the hole and the width across the 
flats the hexagon, and these ratios well the 
two photoelastic models which were used are shown 
Fig. single model could have been used 
obtain all four D/W ratios, but the results reported 
this paper were actually taken from two separate 
investigations. may noticed that the outer 
boundary Model was regular hexagon, whereas 
small flats were put the corners the hexagonal 
outer boundary Model Both models were 
machined from sheets Paraplex P-43. 


Pressure-loading Fixtures 


The loading fixtures which were used apply 


W=6.866" 


Da = D2 = D3 


Fig. 1—Photoelastic models 


i 


we 


| 


(a) Loading fixture 


Fig. 2—Uniform pressure two sides 


(a) Loading fixture 


Fig. 3—Uniform pressure three sides 


uniform pressure two opposite sides the model, 
uniform pressure three sides, and uniform 
external pressure, are shown together with the cor- 
responding photoelastic stress patterns Figs. 
and respectively. examination these 
figures will show that the fixtures are basically the 


(b) Stress pattern, D/W 508 psi 


same and differ only the arrangement the 
spacers and rubber tubing. The spacers were 
designed that the rubber tubing would contact 
only the appropriate sides the model. 

When assembled, the loading fixtures consist 
“sandwich” steel cover, Lucite cover, rigid 
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(b) Stress pattern, D/W 0.704, 336 psi 
{ 
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(a) Loading fixture 


Fig. 4—Uniform pressure six sides 


Fig. 5-Experimental setup 


(b) Stress pattern, D/W 508 psi 


spacer with rubber tubing and model, Lucite cover, 
and steel cover. Dowel pins passing through 
the covers are used hold the elements the spacer 
position. The rubber tubing confined the 
Lucite covers and rigid spacer, that the tubing 
inflated, expands and exerts pressure 
the model. The Lucite covers are optically insensi- 
tive and not disturb the stress pattern the 
model. The ends the rubber tubing are drawn 
into copper tubes, one which closed off and the 
other serves the inlet for gas pressure, and the 
“piping” arranged minimize the discontinuity 
gap the rubber tubing. 

Compared with the loading device described 
Reference the novel feature the present loading 
fixtures lies the use single set steel and 
Lucite covers with interchangeable spacers for 
applying uniform pressure different sides the 
model. 


Experimental Setup 


Figure shows the experimental setup with Model 
(D/W 0.500) and the loading fixture for uni- 
form external pressure mounted the straining 
frame the polariscope. The pressurizing system 
consisted nitrogen tank, regulator, bleeder 
valve and pressure gage. lens-type polariscope 
has 8-in. diam. field and can set readily 
for use with either photometer camera. 


Test Results 


Experimental Corroboration Kawaguchi’s Solution 


previously mentioned, Kawaguchi! published 


theoretical and experimental 
fringe-order distributions, D/W 


theoretical solution for the stresses regular 
polygon with central, circular hole subjected 
internal pressure. numerical example, gave 
the stresses hexagon which D/W 
The solution for uniform external pressure can 
obtained the superposition state plane 
hydrostatic pressure the negative Kawaguchi’s 
results. 

Babinet-Soleil compensator and photometer 
were used determine the fringe order distribution 
radial line perpendicular the outer boundary 
the hexagon Model D/W 0.500. The 
model was subjected uniform external pressure and 
was tested various gage pressures. Figure gives 
typical comparison the theoretical and experi- 
mental distributions fringe order this line. 
The curves are plotted dimensionless form and 
were made coincide the geometric mean 
between the inner and outer boundaries. 
seen that the results are good agreement, and 
this provides experimental confirmation 
Kawaguchi’s solution. 


Pressure Calibration 


The effective pressure, acting the model was 
determined means the following procedure. 
From the stress-optic law, the difference the 
where the fringe order, the material fringe 
value, and the thickness.* From Kawaguchi’s 


o2) 


* For the stress patterns in Figs. 2, 3 and 4, f = 137.3 psi/fringe/inch 
and t = 0.251 in. 
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Fig. Pressure calibration curve 
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Fig. 8—Stress distributions 
inner boundary, uniform external 


pressure 


solution, the difference the principal stresses the 


The fringe order the geometric mean, was 
determined for gage pressures, pg, the range 
400 psi. The effective pressure, was cal- 
culated from the above equation, and the resulting 

may noticed that the calibration curve 
Fig. slightly nonlinear and has average slope 
which greater than one. Similar results have 
been obtained the author (not published) for 
circular loading jig which the Lame solution for 
thick ring was used calibrate the fixture. 


Therefore 


Typical Boundary Siress Distributions 


Boundary stress distributions were determined 
from photographs stress patterns such those 
shown Figs. and The influence the 
size the circular hole the stress distribution 
the inner boundary the hexagon under uniform 
external pressure shown Fig. seen that 
the stresses are compressive for all values 
and the maximum compressive stress occurs 
deg. For D/W 0.787, the stress the inner 
boundary influenced some extent the small 
the outer boundary the corner the model 
(Fig. 1), and this would probably explain the rather 
large increase compressive stress the vicinity 

Figure shows the effect applying pressure 
different sides the hexagon for D/W 0.704. 
For pressure two opposite sides the model, 
full quadrant needed before the stress pattern 
repeats itself. With pressure three sides, deg 


DEGREES 


©, degrees 


Fig. 9—Stress distributions 
inner boundary, 


60 


Fig. 10—Uniform external pressure, 
comparison results obtained 
superposition and direct experi- 
ment, D/W 


are needed, and uniform external pressure requires 
only deg. should noted that both tensile 
and compressive stresses are produced the inner 
boundary either pressure two sides pressure 
three sides, whereas only compressive stresses 
are produced with pressure all six sides. 


Superposition 

The stresses produced uniform external pres- 
sure can obtained the superposition two 
examples pressure three sides the 
superposition three examples pressure two 
sides. general, was found that the stresses 
which were calculated the basis superposition 
were satisfactory agreement with the results ob- 
tained direct experiment. 

Figure illustrates the principle superposition. 
Two curves which are based the stress distribution 
determined from the test with pressure three 
sides are drawn such way that the sum their 
ordinates gives the stress distribution for pressure 
six sides. comparison the results obtained 
superposition with the values obtained direct 
experiment, Fig. 10, shows that they agree within 
five percent. 
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Indonesian Minister Address First 


International Congress 
Experimental Mechanics 


BANQUET SPEAKER ENGINEER WELL STATESMAN 


Emile Lapian, Indonesian Min- 
ister the United Nations, will address 
the First International Congress 
Nov. 1961, the Hotel New 
Yorker, New York City. engineer 
who has been playing leading role 
history the young Republic 
Indonesia, will the principal 
speaker the banquet scheduled for 
Thursday evening, November the 
grand ballroom the hotel. 
spokesman for the millions people 
comprising the island groups that be- 
came independent 1945 and formed 
Republic 1949, Minister Lapian 
well qualified. His background runs 
through very sensitive and modern 
theme: economics and engineering. 

Mr. Lapian graduated civil 
engineer 1935 and immediately be- 
came active the political affairs his 
country. entered the Ministry 
Economic Affairs and became head 
the department commercial policy. 
Later economic counselor served 
with his country’s missions The 
Hague, Netherlands, and Bonn, 
West Germany. From 1956 1959 
was the deputy head the Directo- 
rate European Affairs the Ministry 
Foreign Affairs Jakarta. Since 
1959 has been serving the post 
Minister, Permanent Mission the 
Republic Indonesia the United 
Nations. 


Congress Coordinated with Symposium 


The activities the First Inter- 
national Congress will begin 


Wednesday morning, November 
with words welcome from Daniel 
president the 


Drucker, SESA. 


Immediately following, the first the 
technical sessions will get under way. 
The entire program the Congress has 
been coordinated with that the Inter- 
national Symposium Photoelasticity 
Illinois Institute Technology 
Chicago under the direction 
Frocht. Asa related conference the 
field stress analysis, the Symposium 
will terminate around noon Tues- 
day, October 31, enabling those who 
will attend the Congress fly east 
time for the opening session. 


Technical Sessions 


The principal business the Con- 
gress will series five regular 
technical sessions and special session 
devoted the Murray Lecture. 
The sessions will held each morning 
and afternoon the three-day period. 
Twenty two papers will presented 
authors from this country and abroad; 
additional papers will title 
only. Among the authors who have 
been invited from other countries are 
Boiten, Netherlands; Hick- 
son, England; Hoek, South Africa; 
Mellgren, Sweden; Oberti, Italy; 
Sopwith, Scotland. Fifteen additional 
authors from this country and abroad 
have been selected the Paper and 
Proceedings Committee the SESA 
present their findings. Details for 
these presentations will found the 
program the following 
rangements are being made have 
author’s preprints available the 
Congress. All papers are eligible for 
subsequent publication future issues 
EXPERIMENTAL and will 


Emile Jossis Lapian 


later become available the bound 
copies the Proceedings the Society 
for Experimental Stress Analysis. 


William Murray Lecture 


outstanding event each 
annual meeting, the William 
Murray Lecture was instituted several 
years ago honor scientist engi- 
neer who has made significant contri- 
bution the field. Selected present 
the lecture this year Egon Orowan, 
George Westinghouse Professor 
Mechanical Engineering the Massa- 
chusetts Institute Technology. 
The topic his address 
Structure the Cold-worked Crystal.” 
Professor Orowan has made life-time 
study the field elasticity and fa- 
tigue. will discuss present theory 
the light recent findings micro- 
scopic behavior metals. The lecture 
will preceded luncheon Fri- 
day noon celebrate the occasion and 
help get the program under way 
promptly. 


The 1961 Exposition 


Concurrent with the technical pro- 
gram will the 1961 Exposition 
equipment, instrumentation and educa- 
tional displays. Both manufacturers 
and distributors will exhibit standard 
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and newly developed equipment for use 
laboratories and production work. 
Booths will occupy the entire show 
area the mezzanine floor the hotel 
between the registration desk and the 
grand ballroom where the sessions will 
beheld. This arrangement expected 
helpful the registrants who 
want keep abreast the latest im- 
provements the devices used their 
fields. short description the 
equipment display each the 
exhibitors, given the pages imme- 
diately following. addition, there 
will booth displays educational 
nature nonprofit organizations such 
universities, government agencies 
and research groups. 


Educational Lectures 


special program for Wednesday 
evening, November has been ar- 
ranged committee under the di- 
rection Nardo the Poly- 
technic Institute Brooklyn. Titled 
Lectures Experimental 
Stress Analysis,” there will two 
sessions given simultaneously. One 
these will presented Charles 
Perry Wayne State University. 
Professor Perry will discuss the funda- 
mentals strain measurements and 
will briefly cover basic information 


strain gages, photoelasticity and stress- 
coat. This lecture intended 
service the undergraduate and gradu- 
ate students the greater metropoli- 
tan area who have had little ex- 
posure the subject. 

The other session held will 
more specialized and will have two 
speakers: Burton Erickson the 
Polytechnic Institute Brooklyn and 
Herbert Becker New York Univer- 
sity. Professor Erickson will discuss 
the measurement transient strains 
elevated temperatures including recent 
work has done this field. Dr. 
Becker will similarly discuss some ex- 
periments 
Dr. has invited Dean 
Salerno Fairleigh Dickinson Univer- 
sity take the chair for this session. 


Ladies’ Program 


varied and flexible program has 
been planned for the ladies. New 
York has amazing number historic 
points interest well many cul- 
tural and imposing places visit. 
Since much depends one’s taste, the 
weather and the state one’s pocket- 
book, the ladies’ program, rule, 
kept somewhat basis. 
However, tours have been arranged 
places interest including the United 


BOUND VOLUMES 
PROCEEDINGS AVAILABLE 


Still available are number bound volumes 
the series Proceedings the Society for Ex- 


perimental Stress 


Published twice 


yearly, these volumes comprise the technical 
papers presented national meetings and con- 
tain the results and descriptions analytical and 
experimental investigations, well discus- 
sions technique and instrumentation studies. 


Price per copy: 


$7.00 nonmembers and 
$6.00 members; plus postage. 


Copies may 


ordered through the Society for Experimental 
Stress Analysis, Bridge Square, Westport, 


Connecticut. 
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Nations and current fashion shows 
the better New York stores. 
experience indicates there will 
lack diversions for the ladies under 
any conditions. 


Other Events 


number meetings the various 
standing committees scheduled for 
Wednesday prior the important 
meeting the Executive Committee 
the evening. dinner tradition. 
ally tendered the members serving 
these committees will held 
this time. 

afternoon, the annual 
business meeting the SESA will take 
place. Among the items dealt 
with this year will the announcement 
election results, voting the new 
By-Laws and other Society business. 

Usually one the least publicized 
events any meeting, the authors’ 
breakfasts have definite place the 
program. Each morning breakfast, 
the speakers for the day are carefully 
checked and last-minute preparations 
are gone over detail insure smooth- 
running presentations. 

Because the exceptionally full 
schedule carried the three-day 
Congress this year, time can given 
over plant tours. Accordingly the 
Arrangements Committee has decided 
eliminate this one feature. 


Meet the Hosts 


Responsible for the numerous de- 
tails running the First International 
Congress are the members the Met- 
ropolitan New York Section. Work- 
ing together, and cooperation with 
the officers and the headquarters staff, 
the members the various committees 
have been doing big job. Chairmen 
the special Congress committees 
were appointed Section Chairman 
Lewis. They are: 


General Chairman—V. Salerno 

Vice-chairman—D. Pasquine 

Secretary-Treasurer—S. Black 

Chairman, Educational Program— 
Nardo 

Vice-chairman, 
Erickson 

Chairman, Commercial Exhibits— 
Braunstein 

Chairman, Educational Exhibits— 
Disenhof 

Chairman, Technical Program—E. 
Miller 

Vice-chairman, Technical Program— 
Derner 

Chairman, Hotel Arrangements—A. 
Slobodzinski 

Co-chairman, Foreign Visitors—G. 
Weissman 

Co-chairman, Foreign Visitors—R. 
Hohenberg 

Co-chairladies, Ladies Program— 
Mrs. Black and Mrs. 
Pasquine 
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PROGRAM 


FIRST INTERNATIONAL 
CONGRESS 
EXPERIMENTAL 
MECHANICS 


NOVEMBER 1-3, 1961 
HOTEL NEW YORKER, NEW YORK CITY 


8:00 a.m. Author’s Breakfast 


8:30 A.M. Registration 
Mezzanine Floor 
9:00 Words Welcome 
Grand Ballroom 
10:00 Exposition Opens 
Mezzanine Floor 
10:30 a.m. Coffee Break for 


Technical Session 


1—WEDNESDAY MORNING 


Technical Papers Session 9:30 Grand Ballroom 


CHAIRMAN Edward Lewis, Hofstra College 


Transient Behavior Rocket Sled 9:30 A.M. 


Ankeney and Goldsmith, University California, 
Berkeley, Calif. 


Experimental Investigation Eccentric 10:00 A.M. 
Longitudinal Impact Bars 

Kuo, Yale University, New Haven, Conn. 

Coffee Break 10:30 A.M. 
Experimental Mechanics Delft 11:00 A.M. 


Boiten, Technische Hogeschool, Delft, The Netherlands 


2:45 P.M. 


4:00 P.M. 


6:30 


7:30 


Exhibits Break for 
Technical Session 


Meetings Stand- 
ing Comm ittees 


Committees Dinner 


Educational Lec- 
tures Experimen- 
tal Stress Analysis 


8:00 p.m. Executive Commit- 


tee Meeting 


1—WEDNESDAY AFTERNOON 


Technical Papers Session 1:45 p.m. Grand Ballroom 


CHAIRMAN Murray, Massachusetts Institute Technology 
Model Studies Radome Shell Under 1:45 P.M. 
Simulated Wind Loading 


Sevin and MacDonald, Armour Research Foundation, 
Chicago, Illinois 


The Stress-strain Gage 2:15 P.M. 
Hines, Baldwin-Lima-Hamilton Corp., 

Waltham, Mass. 

Exhibits Break 2:45 P.M. 
Experimental Investigation Wave Propagation 3:30 P.M. 


Isotropic Elastic Plates 
Medick, Avco Corp., Wilmington, Mass., and Steele, 
Lockheed Missiles and Space Division, Sunnyvale, 


Large Deformation Circular Membranes 4:00 
Under Static and Dynamic Loading 


Griffith and Vanzant, University Florida, Gainesville, Fla. 
4:30 P.M. 


Brittle Fracture Low-carbon Steel under 
Tensile and Torsion Test 


Yokobori, Tohoku Univ., Sendai, and Otsuka, 
Hiroshima Univ., Hiroshima, Japan 


Experimental Mechanics 29A 
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8:00 a.m. Authors’ Breakfast 


8:00 a.m. Registration 
Mezzanine Lounge 


8:30 Exposition Opens 
Mezzanine Floor 


10:30 a.m. Coffee Break for 
Technical Session 


2:45 p.m. Exhibits Break for 
Technical Session 


6:00 p.m. Social Hour 
Mezzanine Lounge 


7:00 p.m. Banquet 
Grand Ballroom 
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2—THURSDAY MORNING 


Technical Papers Session 9:00 a.m. Grand Ballroom 


CHAIRMAN Lazan, University Minnesota 


Experimental Analysis the Strength 9:00 
Cylindrical Shell under External Pressure 


Yamaguchi and Imamasa, Kobe Shipyard, Mitsubishi 
Heavy Industries, Reorganized, Ltd., Kobe, Japan 


The Overstrain High-strength Open-end 9:30 
Cylinders Intermediate Diameter Ratio 


Arsenal, Watervliet, N.Y., and Barton, Brigham Young 
University, Provo, Utah 


Measuring Creep Small Strains 10:00 


Mellgren, Industrial Reactor Division, 
Stockholm, Sweden 


Coffee Break 10:30 


The Semiconductor Strain New Tool for 11:00 
Experimental Stress Analysis 


Sanchez, Micro Systems, Inc., San Gabriel, California 


Special Techniques Experimental Stress Analysis 11:30 


Hickson, Ministry Aviation, Royal Aircraft Est., 
Farnborough, Hants, England 


AFTERNOON 


Technical Papers Session 1:45 Grand Ballroom 


CHAIRMAN George Gerard, New York University 
Experimental Mechanics the National 1:45 
Engineering Laboratory 


Sopwith, National Engineering Laboratory, 
East Kilbride, Glasgow, Scotland 


Exhibits Break 2:45 P.M. 


Pressure Technique for Determining 3:30 P.M. 
Residual Stresses Circular Tubes 


Weigle and Purtell, Watervliet Arsenal, 
New York 


Experimental Mechanics the Development 4:00 P.M. 


New Miniature Pressure Transducer 


Bert and Crites, Battelle Memorial Inst., 
Columbus, Ohio 


Frictional-type Wire Resistance Strain Gage 4:30 P.M. 


Koshiro Oi, Institute Industrial Science, 
University Tokyo, Chiba City, Japan 
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P.M. 


P.M. 


P.M. 


P.M. 


8:00 Authors’ Breakfast 


8:30 
Mezzanine Lounge 


8:30 Exposition Opens 
Mezzanine Floor 


10:30 Coffee Break for 
Technical Session 


3:00 SESA Aunnal Business 
Meeting 


MORNING 


Technical Papers Session 


Grand Ballroom 


Joseph Marin, Pennsylvania State University 


New Method for Determining the Elastic 


Constants Stiffened Plates 


Beckett, State Univ. Iowa, Iowa City, and 


Dohrmann, Ives, The Babcock Wilcox Co., Alliance, Ohio 


Determination Slope Contours Flexed 9:30 A.M 


Elastic Plates the Technique 


Chemical Industries, Billingham Division, England 


Experimental Study Rock-stress Problems 


Deep-level Mining 


Hoek, South African Council for Scientific Industrial 


Research, Pretoria, 
Coffee Break 


Analysis Two-Dimensional Stress Problems 


the Moiré Method 


10:30 A.M. 
11:00 


Bouwkamp, University California, Berkeley, Calif. 


Construction Temperature-compensated 


Piezoelectric Static Load 


Bowie, Department Aeronautical Engineering, University 


Minnesota, Minneapolis, Minn. 


Experimental Studies Structural 


Models Beyond the Elastic Limit (By Title Only) 


Oberti, Istituto Sperimentale Modelli Strutture, Bergamo, Italy 


Experimental Self-temperature Compensated 


Strain-gage System (By Title Only) 


Randell, Mechanical Engineering Division, Aeronautical 


Research Laboratories, Melbourne, Australia 


3—FRIDAY AFTERNOON 


William Murray Lecture 


Luncheon 
12:30 p.m. Grand Ballroom 


Lecture 
1:30 Grand Ballroom 


Structure the Cold-worked Crystal 


Egon Orowan, George Westinghouse Professor Mechanical 
Engineering, Massachusetts Institute Technology, Cambridge, 


Mass. 


Experimental Mechanics 31A 


9:00 A.M. 


10:00 A.M. 


11:30 A.M. 
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what look for 


the 


1961 Exposition 


HOTEL NEW YORKER 
NOVEMBER 1-3 


Information presently available indicates that exhibitors will display the products 
listed. However, last-minute revisions may result some changes. Also, number 
other companies, expected exhibit, are the process making arrangements 


this issue goes press. 


Asea, Vasteras, Sweden, will dem- 
onstrate their torque gage that op- 
erates without slip rings. Called Tor- 
ductor, electromagnetic device 
that measures changes permeability 
shaft due applied torque. Also 
shown will their 7-million-pound 
load cell suitable for rolling-mill and 
other heavy 
operations. 


indicator for 
They will also feature two new semi- 
conductor strain-gage transducers; ac- 
celerometers and torquemeters. 
addition, complete line input con- 
ditioners, will shown, including their 
latest development bridge balancing. 
Their latest strain-gage data-acquisi- 
tion system will view well 
complement torque meter systems, 
torque speed dynamometers and ro- 
tating test equipment. 


Booth 


Baldwin-Lima-Hamilton 


full complement new SR-4 
strain gages, new BLH transducers in- 
cluding load cells, pressure cells and 
torque pickups will shown; plus 
new component readout instrumenta- 
tion designed for strain gage and strain- 
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gage transducer readout; also tem- 
perature sensors called Micro-Minia- 
ture Thermocouples. Exhibit will in- 
clude semi-conductor strain gages and 
transducers, plus very small d-c 
amplifier for air-borne use. 


Booth 


The Budd Co. 
Instruments 


Exhibit will display three product 
lines: (1) New, stretchable, high- 
elongation Photostress plastic, Type 
new extra-clear Photostress plastic 
having higher strain-optical constant 
than previoug plastics; new Photo- 
stress aligning transducer. (2) Strain 
gages (Types 104 and 604) and new 
strain-gage the 


TO: SHOW COORDINATOR, SESA 


Name 


B-3 and the B-12 epoxy-type cements, 
(3) Load cells, new product line, 
will include units with capacities 
ing from 100 100,000 Ib. 


Exhibit will consist simple, 
general-purpose strain-gage equipment, 
The full frequency range, static 
impact will covered. Also shown, 


monitoring fatigue tests. 

Booth 
Instron Engineering 


Demonstrations will given 
Instron’s line universal testing in- 
struments equipped with accessories 
for tensile, compression 
testing. Testing and recording with 
Model TT-C, having range from less 
than more than 10,000 will 
afford example unusual range. 


Kulite-Bytrex 


Exhibit will introduce new line 
solid-state transducers consisting 
high-frequency pressure cells, high- 
pressure cells, high- and low-capacity 
load beams, universal load cells, and 
accelerometers; new amplifier for 
use with semiconductor pressure cells; 
new semiconductor telemetering gages, 
and muscle tension gages; and 
ciated strain-gage instrumentation. 


Booth 


Kyowa Electronic Instruments Co., 


Display will include recently de- 
veloped high-output semiconductor 
pressure transducers and 
ment portable, full transistorized 
dynamic and static 
cators. Featuring the latest tran- 
sistor circuitry with extreme reliability 
and stability, together with functional 
appearance, these instruments are the 
most popular types used Japan and 
neighboring Asian countries. 


BRIDGE SQUARE, WESTPORT, CONN. 


sorry cannot attend this year’s exposition. Would you 


please send information what I’m missing the following exhibits? 


Address 
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Electronetics Corp. 

Display FM/FM radio telem- 
etry systems will feature demonstra- 
tions the system working rotat- 
ing equipment, giving torque and 
bending moment readings from strain 
gages. Exhibit will also include strain 
gages mounted flexible bar 
show tension and compression readings 
from strain gages. 


Exhibit will include multichannel 
strain-gage and bridge-selector switch 
boxes, strain-gage connectors, and 
high-frequency, 
tigue-testing equipment. Information 
will available complete series 
high-temperature fatigue test units 
including the VIBAR Electromagnetic 
Fatigue Machine, and analytical 
and testing services stress analysis, 
fatigue and vibration. 


Features the exhibit will include 
eddy-current instruments for deter- 
mining conductivity, hardness, alloy 
and heat-treat condition; instruments 
measure coercive force, damping 
characteristics and elastic properties; 
brittle coatings for stress analysis 
elevated temperatures; 
penetrant systems for locating cracks 
and leaks any solid material. 


Booth 


Micro Systems Inc. 
Exhibit will feature the latest 


Name Company 


semiconductor strain gages and trans- 
ducers. special interest will the 
recently developed line Micro- 
Sensors—a new tool for experimental 
stress analysis. 


Booth 


Microdot Inc. 
Instrumentation 


Microdot Inc. will display its line 
weldable strain gages, force-measur- 
ing transducers (load cells), tempera- 
ture transducers, and signal-condition- 
ing equipment for strain gages and 
transducers. 
weldable strain gages sensing ele- 
ments, range 500,000 lb. The 
PB-290 Power Supply and Balance 
Unit utilizes separate power supply and 
bridge conditioning plug-in cards for 
eight channels. 


Booth 


Minneapolis-Honeywell Regulator Co. 
Industrial Systems 


Main feature the display will 
the 9050 Automatic Wave Analyzer 
used conjunction with one Honey- 
well’s tape systems. Capabilities 
the company’s wave-analysis systems 
now include accurate, automatic spec- 
trum analysis much shorter time 
than previously possible. 

Booth 


Polarizing Instrument Co., Inc. 


Three items featured are: 
transmission-type Photoelastic Polar- 
iscope with collimated parallel light 
path, loading frame, recording camera 
and isoclinic drawing table, in- 


Name Representative 


Position Title 


cluding accessory for oblique inci- 
dence; Norrenberg 
Doubler with white light and mono- 
chromatic, collimated light path, both 
plane and circular polarized light, 
combined rotation the analyzer and 
polarizer and independent rotation 
the analyzer; and small-field Norren- 
berg Doubler with components similar 
that large-field unit. 


Booths 


19-20 


Equipment display will em- 
phasize these products: closed-loop 
hydraulic-load 
ment, including input program gen- 
erators, load-control modules, servo 
actuators, and test 
displacement transducers; universal 
test machines including programmed 
spectrum load, programmed heating, 
and controlled atmosphere; 
tensity infrared heating systems; a-c 
power regulators ranging from 10- 
amp solid state unit 800-amp 
ignitron controller; solar simulation 
for environmental test chambers. 


Booth 


Some the products exhibited 
will include Kerrcell camera, light-pulse 
generator, shadowgraph and schlieren 
systems used the hypervelocity area. 
Also display there will Midas 
and Thor solid multi-channel electronic 
devices for the radio-telemetry field 
used measure stress, strain, pressure, 
temperature and horsepower. 


Application for Corporate Membership 


Society for Experimental Stress Analysis 


Department 
Number and Street 
City 


cated below: 


Date 
Title 


(Please give billing address, if different from above. 2 
Executive Secretary, Society for Experimental Stress Analysis, Bridge 


Zone 


July 1961 through June 30, $100.00 
understand that are receive the full benefits prescribed the Society for the designated pericd. 


Authorized Signature 


State 


wish apply for Corporate Membership the Society for Experimental Stress Analysis for the period indi- 


Mail completed application to: 
Westport, Conn.) 
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International Symposium 
October 1961 


Illinois Institute 
Chicago, 


Sunday, October 


12:00 noon—— 
2:00 P.M.- 


Registration 

Addresses: 

Rettaliata, President 

Institute Technology 

John Dawson, Chief Scientist 

Army Research Office (Durham) 


Session I—2:30 P.M. 


Chairman: Lazan, University Minnesota, 
Minneapolis, Minn. 


Photoelectric-interferometric Method Determine Sepa- 
rately the Principal Stresses Two-dimensional States and 
Possible Applications 
Favre and Schumann, Ecole Polytechnique 
Federale, Zurich, Switzerland 


Experimental Study the Effects Thickness Bire- 
fringent Coatings 


Duffy and Mylonas, Brown University, Providence, 


Photoelastic Coating Analysis Thermal Fields 
Zandman, Redner, The Budd Co., Phoenixville, 


Pa., and Post, Rensslaer Polytechnic Institute, Troy, 


Development the Lateral Extensometer Method Two- 
dimensional Photoelasticity 
Hiltscher, Swedish State Power Board, Stockholm, 
Sweden 


5:00 Armour Research Foundation 


6:00 Dinner—-Courtesy ARF (open 
preregistrants only), Dearborn and 35th 
Sts. 


Session P.M. 


Chairman: Donnell, Illinois Institute Technology, 
Chicago, Ill. 


Recent Activity Photoelasticity Japan 
Ziro Tuzi, Riken Keiki Fine Instrument Co., Ltd., Tokyo, 
Japan 


Survey Photoelasticity Britain 
Hickson, Royal Aircraft Establishment, Farn- 
borough, Hants 


Progress Photothermoelasticity 
Gerard, New York University, New York, 


October 1961 


Monday, October 


Session A.M. 
Chairman: Dolan, University Urbana, Ill, 


New Two-layer Technique for the Photoelastic Analysis 
Loaded Plates 
Lerchenthal, and Betser, Israel Institute 
Technology, Haifa, Israel 


New Photoelastic Methods for Torsion Problems 
Nisida, The Institute Physical and Chemical 
Research, Tokyo, Japan 


Three-dimensional Photoelastic Investigation Principal 
Stresses Propeller-blade Retention System 
Frocht, Illinois Institute Technology, Chicago, 
and Wang, International Business Machines 
Corp., Poughkeepsie, 


Epoxy Resins for Photoelastic Use 
Leven, Westinghouse Research Laboratories, 
East Pittsburgh, Pa. 


Session P.M. 


Chairman: Drucker, Brown University, 
Providence, 


Study Accuracy and Limits Application Plane 
Photoplasticity 
Monch and 


Loreck, Technische Hochschule, 
Munchen, Germany 


Further Work Plane Elasto-plastic Stress 
Thomson, University Dayton, Dayton, Ohio, 
and Frocht, Illinois Institute Technology, 
Chicago, Ill. 


Experimental Study the Laws Double Refraction 
the Plastic State Cellulose Nitrate—Four 
Three-dimensional Photoplasticity 
Frocht and Cheng, Illinois Institute Tech- 
nology, Chicago, Ill. 


Tuesday, October 


Session V—9:00 A.M. 


Chairman: Williams, California Institute Technology: 
Pasadena, 


Elasto-plastic Stress Analysis and the Determination Flow 
Lines Means Photoelastic Coating Method 
Kawata, Aeronautical Research Institute, University 
Tokyo, Tokyo, Japan 


Investigation the Elasto-plastic Strain Distribution 
Around Cracks Various Sheet Materials 
Dixon and Visser, National Engineering 
Laboratory, East Kilbride, Glasgow, Scotland 


Stress Distribution the Boundary Square Hole ina 
Large Plate During Passage Stress Pulse Long 
Duration 
Research Foundation, Chicago, Ill. 


Impact Stresses Low Modulus Photoelastic Materials 
Flynn, Illinois Institute Technology, Chicago, 
Research and Development Group, Frankford Arsenal, 
Philadelphia, Pa. 


The Potentialities the Method Scattered Light 
Srinath, University Kansas, Lawrence, Kan., and 
Frocht, Illinois Institute Technology, Chicago, 
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for static and dynamic testing equipment 


DEPENDABILITY the key word material testing 
—dependability the equipment used—on the 
test results with assurance that the process used 
has universal recognition. AMSLER Material Testing 
Equipment meets these basic essentials. 


AMSLER, leader all aspects material testing, 

outstanding the field fatigue. AMSLER 

Jacks, Pendulum Dynamometers, Pulsators, 
Accumulators, Programmers and all the elements 
that make modern Structural Testing Plant, are 
soundly conceived, solidly built with expert work- 
manship that comes from years experience and 
dedication reputation. 


AMSLER HYDRAULIC JACKS (as illustrated) 
feature lapped rams for maximum accuracy and 
reliability. Equipped with spherical seats, extension 
and stilts, base plate and locking device, 
they may mounted any position. For static 
loads 10, 20, and 100 tons maximum 
and half this rating for fatigue loads. 


For FATIGUE TESTING, AMSLER PULSATORS 
used with AMSLER Jacks, produce sinusoidally 
alternating loads. Pre-load lower limit auto- 
matically kept constant; upper limit set simple 
adjustment. Built-in safety feature stops pulsator 
fracture specimen change predetermined 
load preset number cycles. 


For STATIC TESTING the AMSLER PENDULUM 
DYNAMOMETER self-contained with pumps, 
delivery regulator, automatic load maintainer and 
load deflection recorder. 


AMSLER STRUCTURAL TESTING PLANTS have 
been chosen leading American Universities and 
Industrial Research Laboratories whose names are 
available upon request. invite your 
inquiries for technical literature analyses your 
requirements. 


For details, circle No. Reader Information Card 
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For information polarizers for stress analysis 


write Polaroid Corporation, Cambridge 39, 


For details, circle No. Reader Card 


